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INTRODUCTION 
The yellow bass, Roccus mlssissippiensls (Jordan and Eigenmann), is 
one of the two native basses (Family Serranidae) of the Mississippi River 
and its larger tributaries. Although it is not a common fish in Iowa, it 
has a widespread distribution in the rivers, natural lakes and artificial 
lakes of the state (Harlan and Speaker, 1956). As is the case in Clear 
Lake, it often occurs in large numbers when present. 
Yellow bass were probably introduced into Clear Lake from the 
Mississippi River in the late twenties, since they first appeared in 
anglers' catches about 1932 (Bailey and Harrison, 1945). Yellow bass 
grew well during their early years in the lake, as shown by a specimen 
12.5 inches in total length weighing 1.22 pounds taken in 1941 (Bailey 
and Harrison, 1945). Carlander et al. (1953) found that the growth rate 
of yellow bass had decreased decidedly from 1937 to 1949 and associated 
this decrease in growth rate with an increase in numbers of yellow bass. 
Since 1951, decreasing water levels have helped to increase the already 
high population density of yellow bass. The growth of Clear Lake yellow 
bass has decreased to such an extent in recent years that during the sum­
mer of 1959 an 8.0-inch fish was considered large. Few were large enough 
to be retained by anglers and these were in poor condition. 
Prior to 1956 yellow bass were much sought by the fishermen of Clear 
Lake. "Streakers", or "stripers", as the fishermen call them, provide 
excellent sport when taken on light tackle. They bite well during the 
summer months when fishing for other species is poor. Also, one need not 
be an expert to catch them. Yellow bass were taken in greater numbers 
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than any other fish during the summers of 1953, 1954 and 1955 at Clear 
Lake (Di Costanzo and Ridenhour, 1957). The fishing since 1955 has been 
poor. This can be explained by the passing of the abundant 1948 and 1949 
year classes and the failure of more recent year classes to attain a 
catchable size. 
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DESCRIPTION OF THE AREA 
General Description 
Clear Lake is a shallow eutrophic lake located in Cerro Gordo County, 
north-central Iowa. It is of glacial origin and lies in the terminal 
moraine of the Wisconsin drift (Iowa State Highway Commission, 1917). 
The average depth to outlet level in 1935 was 10 feet; the maximum was 
found to be between 18 and 20 feet (Iowa State Planning Board, 1935). The 
surface of the lake measured 3,643 acres. Although the extremely small 
ratio of drainage area to lake area, 2.73 to 1, precludes rapid siltation, 
the 1935 report showed silt had reduced the original lake capacity 
(65,100 acre-feet) by 44 percent. Most of the silt came from the main 
drainage area to the west and southwest. A profile of the lake in the 
same report demonstrates the decrease in siltation and the increase in 
water depth from west to east. 
In contrast to some Iowa lakes, Clear Lake is in direct association 
with the water table of the area. Changes in the water table are reflect­
ed in the level of the lake. The water table for the Clear Lake area 
begins a few miles west of the lake and slopes to the east and southeast 
to the Winnebago River. The water table to the west of this area slopes 
west to the Iowa River. Precipitation, or lack of it, within 15 miles of 
the lake is the major factor governing the water level (Hershey, 1959). 
Ventura Marsh, just to the west, is separated from the lake by a 
road grade and a water control structure. Previous to the construction 
of the water control structure the main inlet to the lake was from this 
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marsh. Other, but smaller, marshes adjoin the lake at Lone Tree Point, 
Farmer's Beach, South Bay and along the north and northeast shores of the 
west end of the lake. 
The lake is divided into two main portions by a sandbar extending 
from Mcintosh Woods State Park towards Lone Tree Point. The portion to 
the west of the sandbar is about one-sixth of the lake. The maximum 
depth at outlet level is approximately seven feet in this area and the 
bottom is predominantly silt. Rooted vegetation is prevalent around the 
edges of this bay. Stands of the giant bulrush, Scirpus validus. are 
found along the north and northeast shores. These provide excellent 
spawning and rearing habitats for the bluegill, Lepomis macrochirus. and 
largemouth bass, Micropterus salmoides. 
The main portion of the lake lies to the east of the sandbar. Exten­
sive stands of the giant bulrush are present along the north shore from 
the sandbar to Fisherman's Wharf. Smaller stands of bulrush are found in 
South Bay and near Farmer's Beach on the south shore. Open sand beaches 
extend from the northeast to the east and along the south shores. Some 
rocks are found at the Outlet and Big Reef on the east end of the lake, 
around the Island at Dodge's Point, and on several small reefs, along the 
south shore. These reeky shores provide the main spawning ground for the 
walleye, Stizostedion vitreum. 
Walleye, largemouth bass, northern pike (Esox lucius) and white bass 
(Roccus chrysops) are the main predatory fish in the lake. Large popula­
tions of black bullhead (Ictalurus melas) and yellow bass are present. 
Other pan fish include bluegill, pumpkinseed (Lepomis gibbosus), black 
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crappie (Pornoxis nieromaculatus). white crappie (Pomoxis annularis) and 
yellow perch (Perca flavescens). A few channel catfish (Ictalurus 
punctatus) and smallmouth bass (Micropterus dolomieui) are also present. 
Other important but possibly less desirable fish are the carp (Cyprinus 
carpio), bigmouth buffalo (Ictiobus cyprinellus) and common white sucker 
(Catostomus commersoni). The spottail shiner (Notropis hudsonius) and 
the common shiner (Notropis cornutus) are probably the most abundant of 
the minnows. Many other less common species are also found in the lake. 
Previous authors have described in detail different aspects ot Clear 
Lake and its ecology. An annotated list of the fishes of Clear Lake, 
prepared by Bailey and Harrison (1945), contains much basic ecology, 
including: food habits, habitat preference and relative abundance of the 
fishes. In addition, the paper contains an excellent description of the 
physical aspects of Clear Lake, a chemical analysis of the water and a 
report on the early stocking of fish into the lake. Pearcy (1953) 
described in some detail the physical and chemical characteristics of 
Clear Lake and listed the plankton organisms, bottom fauna and aquatic 
vegetation. Di Costanzo (1956) enlarged upon the economic development of 
Clear Lake in relation to fishing and other types of water recreation. 
Ridenhour (1958) described the 12 seining locations he selected for 
sampling young-of-the-year fish populations in regard to location, water 
depth, bottom type, emergent and submergent vegetation, fish abundance 
and protection from wind. McCann (1960) estimated the standing crops of 
some of the more common fishes. Recently, work has been undertaken to 
estimate the standing crop of phytoplankton (Small, 1959) and fixation 
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rate of the phytoplankton (Weber, 1960) in Clear Lake. 
Water Levels 
The recent water level fluctuations of Clear Lake are of particular 
significance to this study (Tables 1 and 2). The relationship between 
Table 1. Maximum and minimum water levels of Clear Lake, 1933-1940® 
Water year^ Maximum Minimum 
1933-1934 3.67 October 1 1.70 August 28-29 
1934-1935 3.45 April 1-6 1.64 November 17 
1935-1936 2.61 April 18 1.44 August 12 
1936-1937 3.87 June 25 2.00 October 30-31 
1937-1938 3.90 September 15, 18-20 and 22 2.58 November 17 
1938-1939 4.58 April 28 3.10 September 30 
1939-1940 3.40 September 9-11 2.50 July 18-21 
aData from Iowa Geological Survey (1944). 
water year constitutes the period between October 1 and 
September 30. No measurements were made during the winter. 
water level and growth of yellow bass will be discussed later. It should 
be mentioned here, however, that the growth and condition of yellow bass 
since 1949 has followed a pattern similar to that of the water level over 
the same period. 
During the drought years of 1934 to 1936 Clear Lake experienced ex­
tremely low water levels (Table 1). The lowest recorded height during 
this period was 1.44 feet on August 12, 1936. This would mean the water 
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Table 2. Average monthly water levels of Clear Lake, 1941-1948 ' 
Year May June July August Sept. 
Average 
May-Sept. 
1941 4.24 4.80 4.88 4.50 4.65 4.61 
1942 5.06 4.95 4.84 4.63 4.41 4.78 
1943 4.73 4.79 4.64 4.72 4.64 4.70 
1944 5.14 5.45 4.97 4.70 4.59 4.97 
1945 4.99 5.31 5.10 4.93 4.59 4.98 
1946 4.93 5.04 4.87 4.69 4.70 4.85 
1947 4.82 5.07 5.33 4.52 4.31 4.81 
1948 4.65 4.42 4.33 3.95 3.56 4.18 
1949 4.26 4.11 4.08 3.83 3.55 3.97 
1950 4.01 4.26 4.32 4.33 4.13 4.21 
1951 5.40 5.30 5.61 5.11 5.02 5.29 
1952 5.07 5.19 5.21 4.89 4.67 5.01 
1953 4.82 4.72 4.59 4.73 4.27 4.63 
1954 4.00 4.44 5.13 4.87 5.08 4.70 
1955 4.02 4.63 4.77 4.32 3.86 4.32 
1956 3.86 3.57 3.44 3.52 3.33 3.54 
1957 2.86 3.08 3.03 2.71 2.64 2.86 
1958 2.50 2.54 2.21 - - 2. 20c 
aData for 1941 to 1950 from Iowa Geological Survey (1953). 
''Data for 1951 to 1958 from Cook, James L., Fort Dodge, Iowa. Data 
on Clear Lake water levels, 1951 to 1958. Private communication. 1959. 
^Estimated average. 
was 3.06 feet below outlet level because the gage is set to read 4.50 
feet at outlet level. Except for a drop from 1939 to 1940, the water 
level rose steadily from the low of the mid-thirties to an overflow level 
in 1941. The average level from May through September, 1949 was 3.97 
feet, the lowest since 1940. The water rose slightly (0.24 foot) from 
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1949 to 1950 and continued to rise to an average peak of 5.29 feet in 
1951. The water level has dropped each year since 1951, with the excep­
tion of a 0.07 foot rise from 1953 to 1954. Measurements were not taken 
during August and September, 1958 because the lake was too low to assure 
accurate readings*1. After resetting the gage, the water level on October 
15, 1958 read 1.42 feet. Thus, the lake level dropped 4.19 feet from the 
highest monthly average of 1951 to the lowest daily recording in 1958. 
On the basis of yearly averages the drop in water level was approximately 
three feet. 
The lake capacity to outlet level is 36,430 acre-feet (Iowa State 
Planning Board, 1935). The additional 0.79 foot of water above outlet 
level in 1951 raised the volume that year to approximately 39,000 acre-
feet. McCann (1960) estimated the surface acreage in 1958 to be about 
300 acres less than the surface acreage at outlet level. Thus, the three-
foot drop in water level from 1951 to 1958 represented a loss in water 
volume of approximately 10,500 acre-feet, or about 27 percent of the 
water present in 1951. The drop of 4.19 feet from the highest monthly 
average in 1951 to the lowest daily reading in 1958 represented a loss in 
water volume of approximately 37 percent. Although these figures are 
rough estimates, they give an idea of the magnitude of change in water 
volume. 
The drop in water level not only decreased the water volume, but 
also affected the littoral zone of the lake. Ventura Marsh, which in 
*Cook, James L. U. S. Geological Survey. Fort Dodge, Iowa. Data 
on Clear Lake, Iowa water levels, 1951-1958. Private communication. 
1959. 
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some years provided spawning and rearing grounds for northern pike, was 
essentially dry throughout 1958. The shoreline in the northeast portion 
of the lake receded 200 feet or more at some locations. Some portions of 
all stands of bulrushes along the north shore from Elm Bend to 
Fisherman's Wharf were exposed. Most of the remaining bulrushes stood in 
water only inches deep. Figures 1 and 2 illustrate effect the low water 
had upon the bulrushes and the habitat which they provide. 
Figure 1. A 1954 view of the rush area just east of the sandbar, as 
seen when looking towards Clausen's Cove from the bluff at 
Mcintosh Woods State Park. Note the water depth where the 
fishermen are standing 
Figure 2. The 1959 view of the area shown in Figure 1. 
the position of the fishermen of Figure 1 
The "X" marks 
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MATERIALS AND METHODS 
Methods of Collection 
The yellow bass used in the agè and growth analysis were collected 
by the Iowa Cooperative Fisheries Research Unit biologists at Clear Lake 
from 1952 through 1959. Lengths, weights and scale samples were taken 
from the yellow bass collected mainly with experimental gill nets. The 
experimental gill nets were composed of five 25-foot sections of the fol­
lowing mesh sizes: 0.75, 1, 1.25, 1.5 and 2 inches bar measure. These 
meshes will catch all sizes of yellow bass over 4.5 inches (Carlander, 
1953a). Some yellow bass in 1958 and 1959 were collected with a 150-volt 
alternating-current electric shocker powered by a 0.75-kilowatt generator. 
Body-Scale Relationship 
The body-scale relationship for Clear Lake yellow bass collected 
1952-1957 was computed as a straight line with an intercept of 1.1 inches 
(total length) and a slope of 0.569. This relationship was derived from 
107 pairs of data selected from one-half inch scale (at 49 magnifications) 
size groups (as recommended in Whitney and Carlander, 1956) including 
data from all years of collection. No more than ten pairs of data were 
selected from each one-half-inch group. The intercept derived in this 
manner fell within the range 18-24 millimeters (standard length) derived 
by Carlander et al. (1953) for the 1947, 1948 and 1949 data, but was 
greater than the 16 millimeter (standard length) intercept derived by 
Lewis and Carlander (1948). All calculations of past growth were made 
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from a nomograph, as described by Carlander and Smith (1944). 
Scale Preparation and Reading 
Impressions of three or four scales were made on strips of clear 
plastic by means of a roller type press, as described by Smith (1954). 
The scale impressions were read by means of a standard scale projector at 
49 magnifications. The impressions were clear and easily read. 
The annuli of yellow bass are in most instances distinct and easily 
recognized. The annuli of the yellow bass were always recognizable in 
the anterior field by a definite break in the configuration of the 
circuli. Circuli of the new year would often begin and end abruptly at 
the annulus in the anterior field. There usually was a translucent area 
between the old and new circuli. The surface of the first one or two new 
circuli beyond the translucent area often appeared broken. Crossing-over 
was nearly always apparent at the antero-lateral position. The annuli 
are usually marked by the first new circulus crossing over the ends of 
the previous year's circuli, but this was not always apparent in the 
lateral portions of the scale in those years when little growth was made. 
This approaches the case described by Bennett (1948) when he found two 
known annul!, both recognizable in the anterior field, to coincide at the 
lateral margins of the scale. 
Aging Technique 
Usually the ages of freshwater fish of the temperate region are 
determined by counting the number of annual rings on scales or other bony 
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structures. This procedure was followed in the present study until it 
became apparent that some of the ages obtained in this manner were in­
consistent with other available data. For example, one group of yellow 
bass collected in the summer of 1955 carried five annuli on their scales. 
Ordinarily this would mean the fish were five years old and, therefore, 
of the 1950 year class. However, Carlander et al. (1953) reported the 
1950 year class of yellow bass was eliminated from the lake before the 
summer of 1951, probably as a result of prédation. No yearling yellow 
bass were taken in 1951 by the unit biologists in either their seining or 
gill netting activities. Routine gill netting from 1952 through 1954 
failed to catch any member of this group (Figure 12). The effort expend­
ed in those years varied from 527 to 678 gill net hours (Carlander, 1953a 
and Ridenhour et al., 1956) and was believed to be sufficient to catch 
members of the 1950 year class if present. All available evidence sup­
ports the contention that the 1950 year class was eliminated before the 
summer of 1951. Apparently the fish bearing five annuli in 1955 were not 
of the 1950 year class. 
A second inconsistency between the age determined by counting annul! 
and other data occurred with a group of fish collected in 1956. This 
group also had five annul! and should have been of the 1951 year class. 
However, only two specimens of the 1951 year class were collected through 
routine gill netting from 1952 through 1955. Those two were collected as 
yearlings in 1952 (Figure 12). Evidently the group of fish bearing five 
annul! in 1956 were not of the 1951 year class. 
On the basis of abundance alone the groups bearing five annul! in 
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1955 and 1956 could have been assigned to the dominant 1949 year class 
(Table 5). The 1949 year class represented 73, 68 and 64 percent of the 
yellow bass collected in 1952, 1953 and 1954, respectively. In 1955 the 
group bearing five annuli represented 65 percent of the catch. The same 
group accounted for 20 percent of the gill net catch in 1956. 
The most useful criterion for determining the year class of a group 
of fish whose age was in doubt was the comparison of back-calculated 
lengths (Table 8). This was possible because the average lengths at each 
annulus were similar for members of the same year class collected in the 
same and different years, but, except at annulus one, differed in members 
of different year classes collected in the same or different years. For 
example, the average back-calculated length at each annulus for the group 
bearing five annuli in 1955 was: 2.8, 5.8, 7.8, 8.2 and 8.7 inches in 
total length. Those lengths closely resemble the average back-calculated 
lengths of the 1949 year class collected in 1954: 2.8, 5.6, 7.8, 8.3 and 
8.8 inches, but contrast sharply with the back-calculated lengths for the 
1948 year class collected in 1955: 3.2, 4.9, 7.4, 8.8, 9.1 and 9.3 
inches. They also contrast with the back-calculated lengths of the 1952 
year class collected in 1955: 3.1, 6.0 and 7.3 inches. The group of 
fish bearing five annuli in 1956 were determined as belonging to the 1949 
year class through the same type of comparison. The average back-
calculated lengths at each annulus for this group were: 2.8, 5.5, 7.7, 
8.2 and 8.6 inches. 
If the failure of some yellow bass to form annuli had not been recog­
nized through the absence of the 1950 and 1951 year classes, the group 
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bearing five annuli in 1957 would probably have been considered as be­
longing to the 1952 year class without question. However, upon examina­
tion the growth of these fish was found to conform to the growth pattern 
of the 1949 year class, rather than to that of the 1952 year class. The 
average back-calculated lengths at each annulus for this group were: 
2.8, 5.5, 7.7, 8.2 and 8.7 inches total length. These lengths compare 
favorably with the average back-calculated lengths of the 1949 year class 
collected in 1956: 2.8, 5.5, 7.7, 8.2 and 8.6 inches, but do not 
correspond to those of the 1952 year class collected in 1956 with three 
annuli: 3.1, 6.1 and 7.3 inches, or with those of the 1952 year class 
collected in 1956 with four annuli: 2.9, 5.8, 7.0 and 7.5 inches. 
Hansen (1951) found the time of annulus formation to vary from early 
May to late August or later for different year classes of white crappie 
collected from Lake Decatur, Illinois in 1937 and 1938. Bigler (1949) 
observed that many members of the 1941 year class of white bass in Spirit 
Lake, Iowa did not form the fourth annulus until late July or early 
August. Members of the 1952 year class of Clear Lake yellow bass formed 
the fourth annulus very late in the summer of 1956. Only 6 of 123 mem­
bers of this year class collected as late as the middle of August had 
formed the fourth annulus. It is possible that some of these fish did 
not form the annulus until the next spring, but all of those collected 
the next summer had formed the fourth annulus. Many of the older age 
groups failed to form annuli in 1954, 1955, 1956, 1957 and, probably, 
1958 (see section on growth by year classes). The younger age groups of 
yellow bass had apparently formed each new annulus before the collections 
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began in mid-June. 
Figures 3 through 8 are photographs of plastic impressions from mem­
bers of the 1949 year class collected in successive summers, 1953-1958. 
Members of this year class produced annuli in 1953 and 1954 but failed to 
produce annuli in 1955, 1956, 1957 and 1958. Therefore, those collected 
in 1958 were in their tenth year of life but were carrying only one-half 
that number of annuli. Other authors have reported the failure of some 
fish to form annuli (Aim, 1946; Alvord, 1954; Bennett, 1948; Frey and 
Vike, 1941; Hansen, 1951; Helm, 1958; Reimers, 1958 and Bigler, 1949). 
Resorption of scales was associated with the failure in growth by 
members of the 1949 year class. Scale resorption was most evident in the 
1956, 1957 and 1958 collections of the 1949 year class (Figures 6, 7 and 
8). Figures 9 and 10 illustrate the extent to which some scales were re-
sorbed. In Figure 9, the entire scale growth for the years 1954, 1953 and 
1952, as well as one-half the scale growth for 1951, was resorbed along 
one lateral margin. Resorption usually occurred first at a postero­
lateral position (point A, Figures 9 and 10). Sometimes one entire 
lateral edge was resorbed (point C, Figures 9 and 10). However, the 
anterior edge of the scale was relatively immune from resorption, even in 
the most drastic instances of resorption (point B, Figures 9 and 10). 
Resorption of scales of spawning salmon, Salmo salar, is commonly recog­
nized. Johnels (1952) associated the resorption of scales of fresh-water 
fishes in Gambia, British West Africa with lack of food, as the abundant 
fish are forced to return to the river channel from the extensive swamp 
areas at the advent of the dry season. Eschmeyer (1937) considered scale 
Figure 3. Photograph of scale impression of a member of the 1949 year 
class collected in 1953. This specimen measured 8.7 inches 
(total length) and weighed .40 pound when collected August 
18, 1953 
Figure 4. Photograph of scale impression of a member of the 1949 year 
class collected in 1954. This specimen measured 9.0 inches 
(total length) and weighed .40 pound when collected August 
2, 1954 

Figure 5. Photograph of scale impression of a member of the 1949 year 
class collected in 1955. This specimen measured 9.0 inches 
(total length) and weighed .34 pound when collected June 20, 
1955 
Figure 6. Photograph of scale impression of a member of the 1949 year 
class collected in 1956. This specimen measured 9.1 inches 
(total length) and weighed .32 pound when collected June 7, 
1956 

Figure 7. Photograph of scale impression of a member of the 1949 year 
class collected in 1957. This specimen measured 8.9 inches 
(total length) and weighed .32 pound when collected June 21, 
1957 
Figure 8. Photograph of scale impression of a member of the 1949 year 
class collected in 1958. This specimen measured 9.2 inches 
(total length) and weighed .37 pound when collected August 
11, 1958 
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Figure 9. Photograph of scale impression of a member of the 1949 year 
class collected July 27, 1956, illustrating the extent to 
which some scale resorption did take place. This specimen 
measured 9.1 inches (total length) and weighed .31 pound 
when collected. The significance of points "A", "B", and 
"C" is discussed in the body of this section of the thesis 
Figure 10. Photograph of scale impression of a member of the 1949 year 
class collected July 27, 1956, illustrating the extent to 
which some scale resorption did take place. This specimen 
measured 8.7 inches (total length) and weighed .28 pound 
when collected. The significance of points "A", "B" and 
"C" is discussed in the body of this section of the thesis 
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resorption in the perch to be an indication of starvation. It is quite 
probable the resorption of scales of the Clear Lake yellow bass was due to 
insufficient food. 
The failure of yellow bass to form annuli was not restricted to the 
1949 year class. While 15 fish bearing six annuli were collected in 1955, 
only one bearing six annuli was collected in 1956. The growth of these 
fish, as represented by the back-calculated lengths at each annulus, was 
more representative of the 1948 year class than it was of the 1949 or 1946 
year classes (Table 8). In similar manner, four yellow bass collected in 
1954 and nine collected in 1955, all of which bore seven annuli, were 
found to belong to the 1946 year class. 
Age determinations of the fish collected in 1958 were complicated by 
the suggested presence of two age groups bearing four annuli (Figure 12). 
The two groups were separated by means of a length-frequency distribution 
of the back-calculated lengths at each annulus (Figure 11). After 
separation, an average back-calculated length was determined for each an­
nulus. These averages confirmed the presence of two age groups. One 
group of 35 fish, whose average back-calculated lengths were 3.2, 5.1, 
6.2 and 6.8 inches total length, were definitely of the 1954 year class. 
The average back-calculated lengths of 74 members of the 1954 year class 
collected in 1957 were 3.2, 5.1 and 6.2 inches. The other group of 28 
fish probably belonged to the 1952 year class. The average back-
calculated lengths for this group were 3.2, 6.2, 7.4 and 7.8 inches. The 
average back-calculated lengths for 38 members of the same year class 
collected in 1957 were 3.0, 6.0, 7.2 and 7.6 inches. These fish were, 
Figure 11. Length frequency of the length at capture and the back-
calculated lengths at each annulus for those yellow bass 
collected from Clear Lake in 1958 carrying four annuli. 
Points "A" designate average length at each annulus for 
the 1954 year class, while points "B" designate average 
length at each annulus for the 1952 year class 
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therefore, six years old, rather than four years old as suggested by the 
number of annuli. 
Because most fish of the 1952 year class failed to form an annulus 
in 1956, it was thought that difficulty would arise in trying to 
distinguish between members of the 1952 and 1953 year classes in 1956. A 
length-frequency of the back-calculated lengths was set up in a manner 
similar to that used to separate the 1952 and 1954 year classes in 1958 
(Table 3). Although second modes were suggested at 5.6 inches (the aver­
age back-calculated length at annulus two for the 1953 year class collect­
ed in 1955) for the second annulus and at 7.0 inches for the total length, 
the data were insufficient to isolate members of the 1953 year class if 
they were present. In addition, only 11 members of the 1953 year class 
were collected in 1955 (Table 8). Apparently the 1953 year class was not 
very successful. For the purposes of this report the 1953 year class was 
considered as lacking identity after 1955. Whether or not some fish were 
included with the more dominant 1952 year class, or whether the year 
class was eliminated before 1956 is not known. 
The reliability of the average back-calculated lengths must be con­
sidered if the various year classes are to be separated on the basis of 
growth patterns. The reliability, or repeatability, of the back-
calculated lengths for each year class was established through the con­
sistent results obtained over successive years of sampling (Table 8). For 
example, members of the 1949 year class were collected over the seven-year 
period from 1952 to 1958 and an average back-calculated length was deter­
mined for each annulus from each year's collection. The ranges of the 
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Table 3. The length-frequency distribution of back-calculated 
lengths of yellow bass possessing three annuli in 1956 
Length 
in inches 
Number of fish of given length at 
Annulus 1 Annulus 2 Annulus 3 Capture 
2.6 1 
2.7 8 
2.8 9 
2.9 9 
3.0 19 
3.1 22 
3.2 18 
3.3 13 
3.4 8 
3.5 4 
3.6 3 
3.7 3 
5.4 2 
5.5 1 
5.6 8 
5.7 6 
5.8 7 
5.9 11 
6.0 18 
6.1 19 
6.2 20 
6.3 10 
6.4 5 
6.5 4 
6.6 4 1 
6.7 2 3 
6.8 2 
6.9 4 1 
7.0 8 1 
7.1 10 1 
7.2 30 
7.3 16 2 
7.4 23 5 
7.5 10 8 
7.6 6 22 
7.7 2 30 
7.8 1 19 
7.9 1 11 
8.0 10 
8.1 6 
8.2 1 
Total number 117 117 117 117 
Average length 3.1 6.1 7.3 7.7 
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average back-calculated lengths at each annulus were as follows: 2.6-2.8 
Inches (annulus 1), 5.5-5.8 inches (annulus 2), 7.5-7.9 inches (annulus 
3), 8.1-8.4 inches (annulus 4) and 8.6-8.8 inches (annulus 5). 
The ages obtained by the scale and allied techniques were substan­
tiated by the length-frequency graph (Figure 12). It was possible to 
follow the growth, or lack of growth, of the 1948, 1949, 1952, 1954, 1955, 
1956 and 1957 year classes on the length-frequency graphs. 
Food Habit Analysis 
For the food habit analysis 174 and 65 yellow bass were collected in 
1957 and 1958, respectively. Experimental gill net, bag seine and elec­
tric shocker were used to collect these fish. The date, time of day and 
place of capture were recorded on a tag which was attached to the mandible 
of the fish. The abdomen of each fish was cut open and the entire fish 
was preserved in ten percent formalin. Although no definite scheme was 
utilized in collecting the fish, effort was made to collect fish at all 
hours of the day and at many locations about the lake. Most of the fish 
were collected during July and August but a few were collected in 
September and November. 
The fish were measured and the stomach contents removed for identi­
fication in the laboratory. The sizes of yellow bass used in this study 
ranged from 3.2 to 9.6 inches total length after preservation. The 
number of each food item was recorded and later tabulated as to total 
number utilized, frequency of occurrence and percent frequency of oc­
currence. Ross (1944) was used in the identification of caddisfly 
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larvae. All other Invertebrates were Identified with the keys in Pennak 
(1953). 
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CHANGES IN YELLOW BASS POPULATION 
Population Density and Year Class Abundance 
Biologists of the Iowa Cooperative Fisheries Research Unit have used 
experimental gill nets to sample Clear Lake fish populations each year 
since 1947 (Table 4). The sampling has been carried on in a relatively 
uniform manner each year. Because yellow bass are taken in greater 
numbers during the night than during the day and because the sampling of 
dark and light hours was not equal, nor uniform, in all years of collec­
tion, it was necessary to correct for this variation by the procedure 
described by Carlander (1953a). Linen nets were used from 1947 to 1952; 
nylon nets were used in 1953, 1957 and 1958. Both linen and nylon nets 
were used from 1954 to 1956. Since nylon nets caught 49 percent more 
yellow bass than linen nets (Ridenhour and Di Costanzo, 1956), the linen 
catches were multiplied by 1.49 for easier comparison of catches between 
years. 
After corrections have been made for factors known to affect the 
catch, it is assumed the fluctuations from year to year in catch per gill 
net hour represent changes in the population density. There was a fairly 
steady increase in the population density of yellow bass in Clear Lake 
from 1947 to 1958, with the exceptions of a high density in 1950 (3.2 
yellow bass per gill net hour) and a low density in 1953 (0.9 yellow bass 
per gill net hour) (Table 4). The high population density of 1950 can be 
explained by the presence of the moderately abundant 1948 year class and 
the very abundant 1949 year class (Table 5). The failure of the 1950 and 
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Table 4. Average catch per gill net hour of yellow bass in Clear 
Lake, Iowa, 1947-1958a 
Year of 
collection 
Catch per 
gill net hour*) 
Total effort 
Kill net hours 
1947 0.578 204.5 
1948 0.869 1084.5 
1949 1.092 543.0 
1950 3.166 496.0 
1951 1.657 895.0 
1952 1.235 674.0 
1953 0.875 604.5 
1954 1.860 528.0 
1955 2.482 398.0 
1956 2.543 668.0 
1957 2.217 612.0 
1958 2.741 572.0 
a1947-1952 data from Carlander (1953a). 
^Corrected for the time of day the nets were set and for the type 
of net used (linen to nylon). 
1951 year classes and the natural and fishing mortalities of the 1948 and 
1949 year classes resulted in the low population density in 1953. 
The age group composition of yellow bass collected from 1952 through 
1958 is expressed in Table 5 as the percentage of the year's sample be­
longing to a particular age group. The presence of the dominant 1949 
year class, the presence of the strong 1955 year class, and the absence 
of the 1950 and 1951 year classes are apparent from this analysis. The 
yearly average catch per gill net hour (Table 4) was multiplied by the 
percent age group composition (Table 5), resulting in a catch per gill 
Table 5. Age group composition of yellow bass collected* from Clear Lake, Iowa, 1952-1958 
Year 
col­
lected 
Number 
of scale 
samples 
collected 
Percent of sample belonging to age group 
I II III IV V VI VII VIII IX 
1952 544 0.4 a* * 72.8 16.4 0.2 10.2 
1953 225 2.7 - - 68.0 22.2 — 7.1 
1954 273 9.9 19.8 - - 63.7 5.1 — — 1.5 
1955 527 12.0 2.1 16.1 - — 65.3 2.8 — 1.7 
1956 726* 19.1 20.0 - — 41.2 — 19.6 0.1 
1957 385 14.8 51.7 19.2 - - 9.9 - - 4.4 " 
1958 178 4.5 14.6 39.9 19.7 — — 15.7 — - 5.6 
a247 of these fish were aged by the Petersen length-frequency method. All other fish were 
aged by the scale and allied techniques. 
net hour by age groups for each year (Table 6). 
An average of the catch per gill net hour by age groups for each 
year class over all years of collection would not result in a good meas­
ure of the relative abundance of year classes because of the differences 
in availability of the fish at different ages. An index to the relative 
abundance of year classes was derived by interpreting the total catch per 
gill net hour of a year class through a particular age as a percentage of 
the mean catch per gill net hour over all year classes through the same 
age (Table 7). There was wide variation in the strength of year classes 
from 1946 through 1957. The 1949 year class was the most abundant (31). 
The other year classes are presented in order of decreasing abundance: 
1955 year class, 22; 1948 year class, 21: 1952 year class, 14; 1954 year 
class, 13; 1956 year class, 8; 1946 year class, 8; 1957 year class, 4; 
1953 year class, 2; 1947 year class, 1; and 1950 and 1951 year classes, 0. 
Carlander et al. (1953) noted that reproduction of yellow bass was 
not the principal factor controlling the success of a year class. Further 
evidence along that line was found in this study. Ridenhour (1960) con­
sidered reproduction of yellow bass to have been good in 1950, 1951, 1954 
and 1956; fair in 1949, 1952, 1955 and 1957; and poor in 1953. The 
resulting year classes are presented here in descending order of their 
success: 1949, 1955, 1952, 1954, 1956, 1957, 1953, 1951 and 1950 (see 
Table 7). 
The relationship between population density and the growth of yellow 
bass will be presented in a later section. 
Table 6. Catch per gill net hour by age group of Clear Lake, Iowa, yellow bass collected 
1947-19 58 a 
Year of Age group 
collection I II III IV V VI VII VIII IX 
1947 .125 .099 .065 .190 .084 .015 
1948 .002 .457 .260 .039 .029 .081 .002 
1949 .656 .001 .392 .026 .011 .004 .001 
1950 1.266 1.706 .158 .035 
1951 1.365 . 225 .022 .045 
1952 .005 .899 .203 .002 .126 
1953 .024 .595 .194 .062 
1954 .184 .368 1.185 .095 .028 
1955 .298 .052 .400 1.621 .069 .042 
1956 .486 .509 1.048 .498 .003 
1957 .328 1,146 .426 .219 .098 
1958 .123 .400 1.094 .540 .430 .153 
a1947-1952 data from Carlander et al. (1953). 
Table 7. Derivation of the index of relative abundance of the 1946-1957 year classes of Clear Lake, 
Iowa, yellow bass, using catch per gill net hour by age group for comparison8 
Year class 
1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 Mean 
Age I .125 .002 .656 1.266 — - .005 .024 .184 .298 .486 .328 .123 .291 
Age II 
Total 
.457 
.582 
.001 
.003 
1.706 
2.362 
1.365 
2.631 .005 
.368 
.39 2 
.052 
.236 
.509 
.807 
1.146 
1.632 
.400 
.728 .853 
Age III 
Total 
.392 
.974 
.158 
.161 
.225 
2.587 
.899 
3.530 
—  —  
.005 
.400 
.792 .236 
.426 
1.233 
1.094 
2.726 1.225 
Age IV 
Total 
.035 
1.009 
.022 
.183 
.203 
2.790 
.595 
4.125 —  - .005 
1.048 
1.840 .236 
.540 
1.773 1.329 
Percent 
of mean 76 14 210 311 0 0 139 18 133 223 85 42 
Index of 
relative 
abundance 8 1 21 31 0 0 14 2 13 22 8 4 
aFor example, the catch per gill net hour of one year old yellow bass in 1958, 0.123, is 42 
percent of the mean catch per gill net hour of age I fish collected 1947-1958 (.291). Similarly, 
the total catch per gill net hour of 1946 year class yellow bass collected 1947-1950 (1.009) 
represents 76 percent of the mean catch per gill net hour of the 1946-1954 year classes of ages 
I-IV (1.329). Dr. K. D. Carlander suggested this analysis. 
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Spring Temperature Related to Success of Year Class 
While reviewing Table 3 of Carlander et al. (1953), the present 
author noted a wide range in the lengths of young yellow bass on July 13 
of the various year classes. It was further noted that the lengths of 
these fish in years of relatively poor abundance were less than the 
lengths of the fish in years of greater abundance. Using the length data 
of Carlander et al. (1953) for the years 1946-1951 and those of Ridenhour 
(1960) for the years 1952-1957, a correlation coefficient (r = 0.725 
where tabular r = 0.602 with nine degrees of freedom) was computed be­
tween the length of young-of-the-year yellow bass on July 13-14 and the 
relative abundance of the year class spawned in that year (from Table 7). 
In other words, there was a correlation between the length of the young 
yellow bass on July 13-14 and the strength of the year class, unless a 1 
in 20 chance in sampling had taken place. 
While Carlander et al. (1953) found a relationship between June 
temperature and length of young yellow bass on July 13, Ridenhour (1960) 
did not obtain a significant correlation between June temperature and 
length of young yellow bass on July 14 but did obtain a significant cor­
relation (r = 0.68 where r Qg = 0.63 with eight degrees of freedom) 
between May temperature and size on July 14. Since the length of the 
fish on July 13-14 would depend upon the rate of growth and the length of 
time for growing, it is possible the date of spawning would affect the 
size of the fish in some years to the extent that the effect of tempera­
ture upon the growth would be masked. Precise data on the spawning dates 
of Clear Lake yellow bass are lacking, but they are thought to spawn in 
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late May or early June. The explanation of the correlation between May 
temperature and length of the fish on July 14 probably lies in the effect 
of the May temperature upon the spawning date. 
Apparently there is a relationship between spring temperature and 
abundance of the resulting year class. The correlations between year 
class abundance and mean April temperature (r = 0.66), mean April-May 
temperature (r = 0.76) and mean April-May-June temperature (r = 0.83) 
were all significant, since tabular r q5 = 0*576 and r qi = 0.708 with 10 
degrees of freedom. The biological explanation of these correlations 
probably lies in the relationship between spawning date and year class 
abundance. Warmer than average temperatures in April and May probably 
result in earlier spawning dates and, thereby, result in stronger than 
average year classes. 
A Yellow Bass Mortality 
A mortality, primarily of yellow bass, occurred at Clear Lake in 
early November, 1955. Di Costanzo and Muncy (1955) observed several 
thousand dead yellow bass but considered that number to represent only 
one or two days' catch in the summer. The dead yellow bass were in poor 
condition. The cause of death was not determined, but the authors con­
sidered a sudden drop in water temperature on November 5 to be a 
contributing factor in the mortality because the dead fish started appear­
ing shortly thereafter. A mortality of yellow bass in Lake Chautauqua, 
Illinois in April, 1942 was reported by Hansen (1943). He considered the 
weakening effect of spawning to be a factor contributing to the mortality. 
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Helm (1958) observed moderate numbers of dead yellow bass in July, 1954 in 
Lake Wingra, Wisconsin. He reported that a high proportion of the yellow 
bass over age I had failed to grow in that year. 
Di Costanzo and Muncy (1955) collected scales from 38 of the dead 
yellow bass, including scales from the smallest and the largest ones ob­
served. The present author examined the scales and found all fish, except 
two, to be members of the abundant 1949 year class. One fish belonged to 
the 1954 year class, while the other belonged to the 1948 year class. 
Three fish had regenerated scales, but were considered of the 1949 year 
class because of their length and the pattern of growth shown by the exist­
ing annuli. 
The heavy fishing mortality in the summer of 1955, combined with the 
natural mortality in November, 1955, effectively reduced the remaining 
numbers of yellow bass of the 1949 year class. The catch per gill net 
hour for the 1949 year class dropped from 1.621 in 1955 to 0.498 in 1956 
(Table 6). The estimated total catch of yellow bass during the spring and 
summer of 1955 was 269,000, as compared to the estimated total catch of 
32,000 in 1956 (Di Costanzo and Ridenhour, 1957). The yellow bass sport 
fishery at this time was supported almost entirely by the 1949 year class. 
The combined mortalities, natural and fishing, of 1955 had no apparent 
effect on the growth of the remaining yellow bass in 1956 (Table 10 and 
Figure 12). The factors limiting the growth of yellow bass were not les­
sened by the removal of at least 270,000 adult yellow bass. 
Sprugel (1955) found that the green sunfish which survived a winter­
kill exhibited a slower growth history than those which were killed. A 
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growth analysis showed the members of the 1949 year class which died 
during the Clear Lake mortality of 1955 to have grown in earlier years at 
the same rate as the entire year class. The calculated lengths at each 
annulus for the yellow bass which died during the mortality were: 2.8, 
5.6, 7.8, 8.2 and 8.6 inches. Their average length at time of death was 
8.8 inches total length. The calculated lengths at each annulus for the 
1949 year class collected in the sunnier of 1955 were: 2.8, 5.8, 7.8, 8.2 
and 8.7 inches. The average length at capture for this group was 8.9 
inches. The differences in length at the second annulus, at the fifth 
annulus and at the time of collection could be explained by sampling 
variation (see Table 8). 
There was a difference in the condition of the two groups. The 
average condition factor for the group from the mortality was 44, while 
the average condition factor for the fish of the same length collected in 
the summer of 1955 was 50. The difference in time of collection might 
account for some of the difference in condition, but probably could not 
explain all of it. Also, there may have been a change in condition after 
death. This author believes the yellow bass which died were in poorer 
condition and, therefore, were more susceptible to the immediate cause of 
death than were the heavier fish which survived. It should be noted that 
the entire year class had failed to grow in the summer of 1955. 
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GROWTH AND CONDITION 
General Trends in Growth 
The growth rate of Clear Lake yellow bass decreased from 1951 to 
1959 (see Figure 12 and Tables 8 and 9) to the extent that many fish did 
not grow and, therefore, did not form annuli (see section on aging tech­
nique) . Larger older yellow bass stopped growing sooner than the smaller 
younger yellow bass. The length and age at which they stopped growing 
decreased over the period 1953-1956, as follows: 10.1 inches, VII, 1953; 
9.7 inches, VI, 1954; 9.0 inches, V, 1954; and 7.7 inches, IV, 1956. The 
maximum size attained by the yellow bass declined from 1952 to 1959 
(Figure 12). Three-year-old fish collected in 1952 were longer than six 
year old fish collected in 1958 (Figure 12). The decrease in length at­
tained at the various annuli is depicted in Table 9. The growth of 
age-group 0 yellow bass did not follow the general trend in growth of the 
older age groups (Table 9). 
The growth rate of the Clear Lake yellow bass, as shown by the length 
attained at each annulus, in recent years (1954, 1955 and 1956 year 
classes for years 1954-1958) was slower than the growth rate of any yellow 
bass growth study cited by Carlander (1953b), but was slightly faster than 
the growth rate of the Lake Wingra, Wisconsin yellow bass reported by 
Helm (1958). Helm found that age-group V fish collected in 1957 had at­
tained a total length of only 6.7 inches. It is interesting to note that 
some of the Lake Wingra yellow bass had failed to grow, or to form annuli 
in 1954. 
Figure 12. Length-frequency of yellow bass collected from Clear Lake in experimental gill 
nets during August, 1952-1959. Numbers above modes designate number of annuli 
present. The curved line follows the average length at capture of the 1949 
year class from 1952 to 1956 
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Average back-calculated total lengths at each annulus for the 
1946-1957 year classes collected from Clear Lake, 1952-1958 
Total 
Number of Average total length at annulus length 
specimens 1234567 at 
capture 
1946 year class 
56 3.1 5.8 7.5 8.1 8.6 9.7 9.9 
16 3.2 5.8 7.6 8.2 8.7 9.7 10.0 10.1 
4 3.0 5.4 7.2 7.8 8.5 9.6 9.8 10.0 
9 3.1 5.6 7.2 7.8 8.3 9.2 9.4 9.6 
85 3.1 5.7 7.5 8.1 8.6 9.7 9.8 
1947 year class 
1 4.3 7.2 8.8 9.7 10.7 10.9 
1948 year class 
89 3.3 5.2 7.6 9.2 9.5 
50 3.4 5.2 7.7 9.3 9.6 9.8 
14 3.4 5.2 7.6 9.2 9.5 9.7 9.8 
15 3.2 4.9 7.4 8.8 9.1 9.3 9.4 
1 3.3 4.9 7.4 8.9 9.2 9.5 9.6 
169 3.3 5.1 7.6 9.2 9.5 9.5 
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Table 8. (Continued) 
Total 
Year of Number of Average total length at annulus length 
capture specimens 12 3 4 5 6 7 at 
capture 
1949 year class 
1952 396 2.8 5.6 7.8 8.5 
1953 153 2.8 5.7 7.9 8.4 8.8 
1954 174 2.8 5.6 7.8 8.3 8.8 9.0 
1955 344 2.8 5.8 7.8 8.2 8.7 8.9 
1956 142 2.8 5.5 7.7 8.2 8.5 8.8 
1957 17 2.8 5.5 7.7 8.2 8.7 9.0 
1958 6 2.8 5.8 7.7 8.2 8.7 8.9 
4 2.6 5.5 7.5 8.1 8.7 9.0 9.1 
Total 1236 2.8 5.7 7.8 8.3 8.7 9.0 
1951 year class 
1952 2 3.6 6.0 
1952 year class 
1953 6 3.3 5.0 
1954 54 3.1 6.0 7.0 
1955 85 3.1 6.0 7.3 7.7 
1956 117 3.1 6.1 7.3 7.7 
6 2.9 5.8 7.0 7.5 7.6 
1957 38 3.0 6.0 7.2 7.6 7.8 
1958 28 3.2 6.2 7.4 7.8 7.9 
Total 334 3.1 6.0 7.3 7.7 
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Table 8. (Continued) 
Total 
Year of Number of Average total length at annulus length 
capture specimens 1 2 3 4 5 6 7 at 
capti 
1953 year class 
1954 27 3.3 5.7 
1955 11 3.4 5.6 6.8 
Total 38 3.3 5.6 
1954 year class 
1955 63 3.4 5.0 
1956 114 3.4 5.2 6.1 
1957 74 3.2 5.1 6.2 6.8 
1958 35 3.2 5.1 6.2 6.8 7.0 
Total 286 3.3 5.1 
1955 
6.2 
year 
6.8 
class 
1956 99 3.4 4.9 
1557 199 3.2 4.9 6.0 
1958 71 3.2 5.0 6.2 6.7 
Total 369 3.2 4.9 
1956 
6.2 
year class 
1957 57 2.9 4.2 
1958 26 2.9 4.6 5.6 
Total 83 2.9 4.6 
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Table 8. (Continued) 
Total 
Year of Number of Average total length at annulus length 
capture specimens 1 2 3 4 5 6 7 at 
capture 
1957 year class 
1958 8 3.3 4.8 
Growth of Young-of-the-Year 
Growth during the first year of life (1946-1957), as determined from 
the scales, was best in 1947 and 1951 (Table 9). The increments in those 
two years were, respectively, 4.3 and 3.6 inches. It should be remembered 
that the 1947 year class was represented by one specimen. The years of 
poorest growth for young yellow bass were 1949 (2.8 inches) and 1956 (2.9 
inches). First year growth in other years varied from 3.1 to 3.3 inches. 
Growth increments of age-group 0 yellow bass did not follow the general 
trend of decreasing increments found in older age groups (Table 10). Ap­
parently the factors limiting the growth of the older yellow bass had 
little or no effect on the growth of young-of-the-year. 
Some of the factors influencing the growth of young-of-the-year 
yellow bass in Clear Lake have been recognized by Ridenhour (1960) and 
Carlander et al. (1953). Ridenhour found evidence of intraspecific 
competition. When the population was greater, the growth tended to be 
less. Neither Ridenhour (1960), nor Carlander et al. (1953) found any 
correlation between the July to August temperature and the rate of growth 
of young-of-the-year yellow bass, but Carlander et al. (1953) reported a 
relationship between June temperature and the length of young yellow bass 
on July 13. 
Growth by Year Classes 
Because the 1949 year class was the most abundant, its growth histo­
ry is presented first. The growth of the 1949 year class was determined 
from the scale analysis of 1,236 specimens collected from 1952 through 
1958 (Table 8). The number of specimens exceeded 100 in all years except 
1957 (17) and 1958 (10). The average lengths attained at each annulus 
were: 2.8, 5.7, 7.8, 8.3, 8.7 and 9.0 inches. The average increments in 
growth for the first six years were: 2.8, 2.9, 2.1, 0.5, 0.5 and 0.2 
inches. Members of this year class did not grow in 1955, 1956 and 1957. 
Possibly some growth (0.1 inch) did take place in 1958 (see section on 
growth by calendar year). 
The poor growth of the 1949 year class in later years is indicated 
by an increase in length at capture of only 0.5 inch from 1952 to 1958. 
The average length at capture decreased from 9.0 inches in 1954 to 8.8 
inches in 1956 (Table 8 and Figure 12). A similar reduction in size at 
capture of a year class of stunted bluegill over a two-year period was 
observed by Sprugel (1954). Apparently the larger members of the 1949 
year class died at a faster rate, at least during the period of 1954-
1956, than did the smaller members. The contention that a differential 
mortality of this sort occurred in the Clear Lake yellow bass in all 
years of life, except year one, is supported by the following data: (1) 
There was a decrease in length at capture in successive years for the 
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Table 9 . Comparison of the average back-calculated lengths at each 
annulus of the 1946-1957 year classes 
Year Number of Weighted mean length at annulus 
class specimens 1 2 3 4 5 6 7 
1946 85 3.1 5.7 7.5 8.1 8.6 9.7 9.8 
1947 1 4.3 7.2 8.8 9.7 10.7 
1948 169 3.3 5.1 7.6 9.2 9.5 9.5 
1949 1236 2.8 5.7 7.8 8.3 8.7 9.0 
1950 0 - - - - -
1951 2 3.6 - - - -
1952 334 3.1 6.0 7.3 7.7 
1953 38 3.3 5.6 
1954 286 3.3 5.1 6.2 6.8 
1955 369 3.2 4.9 6.2 
1956 83 2.9 4.6 
1957 8 3.3 
1946, 1948 and 1949 year classes. (2) The length at capture in some 
years for the 1948, 1949, 1952 and 1953 year classes was greater than the 
length at which the annulus was formed the following summer. 
The growth of the 1946 year class was ascertained from the scales of 
85 fish collected from 1952 to 1955. No member of this year class was 
collected after 1955. New annuli were not formed on the scales of those 
fish collected in 1954 and 1955. There was a marked decrease (0.5 inch) 
in length at capture over the period 1953-1955. The successive increments 
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in length for this year class were: 3.1, 2.6, 1.8, 0.6, 0.5, 1.1, 0.3, 
0.1 and 0.0 inches. The average lengths at each annulus were 3.1, 5.7, 
7.5, 8.1, 8.6, 9.7 and 9.8 inches. 
The growth of the 1948 year class was determined from the scales of 
169 fish collected 1952-1956. The average lengths at capture in 1953 and 
1954 were identical (9.8 inches). However, the fish collected in 1954 
had formed one additional annulus. The average length at capture in 1955 
was 0.4 inch less than in 1954. Members of this year class did not form 
annuli in 1955 and 1956. The mean annual increments for this year class 
were: 3.3, 1.8, 2.5, 1.6, 0.3, 0.2, 0.1 and 0.0 inches. The average 
lengths at each annulus were: 3.3, 5.1, 9.2, 9.5 and 9.5 inches. 
The growth of the 1952 year class was determined from the scales of 
334 specimens collected from 1953 to 1958. The increments in length in 
successive years for this year class were: 3.1, 3.0, 1.3, 0.4 and 0.1 
inches. (See section on aging technique for a discussion on the growth of 
the 1952 year class in 1956.) Members of this year class showed no growth 
in 1957 and 1958. The average lengths at each annulus were: 3.1, 6.0, 7.3 
and 7.7 inches. The length attained at the second annulus was exceeded 
only by that of the single representative of the 1947 year class. It is 
possible the good growth of the 1952 year class in 1953 was due, at least 
in part, to the absence of two- and three-year-old yellow bass in that year. 
The growth of the 1953-1957 year classes is depicted in Tables 8 
and 10 and Figure 12. Their growth will not be discussed further at this 
time, except to mention that their increments in the second and third 
year of life decreased from 1954 to 1957. The 1947 year class was 
53 
represented by only one specimen collected in 1952. The large size en­
joyed by this fish in all years can be explained, in part, by the extra 
good growth (4.3 inches) of the first year. 
Growth by Calendar Year 
Hile (1941) considered the growth of young-of-the-year rock bass to 
be independent of the growth of the older rock bass, and, therefore, 
computed the growth indexes for the two groups separately. Because the 
growth of Clear Lake young-of-the-year yellow bass from 1946 to 1957 was 
also independent of that of the older groups, the increments of growth 
for the first year were not included in the index of growth by calendar 
years. 
The increments in length of each year class for each year of life 
are presented in Table 10, according to the calendar year in which they 
were produced. Most of the increments were derived in the usual way of 
subtracting the mean lengths at each annulus, considering only those fish 
which actually made an increment. For those year classes which stopped 
growing after a few years, it was necessary to approximate the increments 
for the last years' growth by subtracting the mean calculated length at 
the last annulus from the mean length at capture of the same year. 
The four fish of the 1949 year class collected in 1958 carrying six 
annuli were not included in the growth index by years because it was not 
possible to determine in which year the growth occurred. The anterior 
edge of the scales of this group showed some resorption, indicating the 
growth was not made immediately prior to the time of collection. It is 
Table 10. Annual Increments in length of Clear Lake, Iowa yellow bass, 1946-1957 
Year Calendar year 
of life 1946 1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 
1 3.1 4.3 3.3 2.8 - 3.6 3.1 3.3 3.3 3.2 2.9 3.3 
2 2.6 2.9 1.8 2.9 - - 3.0 2.2 1.8 1.7 1.7 
3 1.8 1.6 2.5 2.1 - - 1.3 - 1.1 .8 
4 .6 .9 1.6 .5 - - .4a - .4 
5 .5 1.0 .3 .5 - - .la -
6 1.1 - .2 . 2a - - .0 
7 .3 - .la .0 - -
8 .la - .0 .0 -
9 .0 - - .0 
^Increments determined by subtracting the mean calculated length at last annulus from 
mean length at capture in the same year. 
Table ! 11. Derivation of the Hile index to the growth of Clear Lake yellow bass, 1947-1957 
Years 
compared 
Growth in 
earlier year 
Growth in 
later year 
Mean 
growth 
Change 
in growth 
Percentage 
change in 
growth 
Hile index 
Year Index 
1947 126 
1947 and 1948 2.6 2.9 2.75 +.3 +11 1948 137 
1948 and 1949 4.7 3.4 4.05 - 1.3 -32 1949 105 
1949 and 1950 4.0 6.3 5.15 + 2.3 +45 1950 150 
1950 and 1951 3.9 4.7 4.30 +. 8 +19 1951 169 
1951 and 1952 2.6 .8 1.70 - 1.8 -106 1952 63 
1952 and 1953 .3 .5 .40 +.2 +50 1953 113 
1953 and 1954 3.2 2.4 2.80 -.8 -29 1954 84 
1954 and 1955 2.3 1.8 2.05 -.5 -24 1955 60 
1955 and 1956 1.8 1.7 1.75 -.1 -6 1956 54 
1956 and 1957 2.8 2.5 2.65 -.3 -11 1957 43 
Table 12. Derivation of a modification of the Hile index to the growth of Clear Lake yellow bass, 
1947-1957 
Growth index 
Years 
compared 
Growth in 
earlier year 
Growth in 
later year 
Change 
in growth 
Mean change 
in growth1 Year 
Accumula­
tive mean 
change in 
growth2 
1947 1.86 
1947 and 1948 2.6 2.9 + .3 +.30 1948 2.16 
1948 and 1949 4.7 3.4 
V 
-1.3 -.65 1949 1.51 
1949 and 1950 4.0 6.3 +2.3 +.77 1950 2.28 
1950 and 1951 3.9 4.7 + .8 +.27 1951 2.55 
1951 and 1952 2.6 .8 -1.8 -.90 1952 1.65 
1952 and 1953 .3 .5 + .2 +.20 1953 1.85 
1953 and 1954 3.2 2.4 - .8 -.40 1954 1.45 
1954 and 1955 2.3 1.8 - .5 -.25 1955 1.20 
1955 and 1956 1.8 1.7 - .1 -.05 1956 1.15 
1956 and 1957 2.8 2.5 - .3 -.15 1957 1.00 
1Change in growth divided by the number of pairs of increments used to determine growth in 
earlier and later years. 
^Adjusted by adding 1.86 to make the lowest index (1957) 1.00. 
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possible the sixth annulus was produced as early as 1955. In addition, 
it is quite probable that a sixth annulus was present on the scales of 
other fish of the 1949 year class but was not recognized because of its 
proximity to the edge of the scale. 
The derivation of the Hile index (Hile, 1941) to the growth of Clear 
Lake yellow bass for calendar years 1947-1957 is presented in Table 11. 
Yellow bass grew best _n 1951. Growth was better than average in 1947, 
1948, 1949, 1950, 1951 and 1953. The years which showed poorer than 
average growth were 1952, 1954, 1955, 1956 and 1957. Growth was poorest 
in 1957. 
A modification of the Hile index was used in this study to determine 
correlations between growth by calendar year and the factors of water 
level and yellow bass population density. Rather than expressing the 
change in growth as a percentage of the mean growth for the two years 
compared (Table 11), the change in growth was divided by the number of 
pairs of increments used to determine the growth, resulting in a mean 
change in growth for the years compared (Table 12). The means were then 
accumulated and adjusted (by adding 1.86) so that the index for the year 
showing the poorest growth (1957) would be 1.00. It was felt this modi­
fication of the Hile index would give a more direct measure of the 
correlations with population density and water level, since the Hile 
index was on a percentage of the mean basis and the others were not. 
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Changes in Condition 
The condition factors, C, for the yellow bass collected from Clear 
Lake, 1952-1958, were determined from an alinement chart (Carlander, 
1953b). This chart illustrates the relationship between the length, 
weight and condition of a fish, as described by the following equation: 
C 100.000 W 
L3 
where W = weight in pounds, 
L = total length in inches, and 
C = condition factor. 
Condition factors for individual fish were averaged within each one-half-
inch group (Table 13) and within each inch group (Figure 13). No more 
than 10 fish were selected for each one-half-inch group. 
The condition of Clear Lake yellow bass declined from 1952 to 1958 
(Table 13 and Figure 13). All sizes of yellow bass were affected, but 
the larger ones were affected earlier and at a faster rate. In 1952, the 
10.0-10.9 inch yellow bass were in better condition (61) than the 9.0-
9.9 inch fish (58), which, in turn, were in better condition than the 
8.0-8.9 inch fish (57). By 1955, the order in condition was reversed. 
The condition factor of the 10.0-10.9 inch fish dropped 14 units (61 to 
47) from 1952 to 1955. The 9.0-9.9 inch fish sustained a decline of 10 
units (58 to 48) during the same period, while the 8.0-8.9 inch fish 
suffered a decline of only 6 units (57 to 51). Apparently the 4.0-5.9 
inch yellow bass were not affected until 1955 or 1956. 
1952 
1953 
Table 13. Average length, weight and condition factor of Clear Lake yellow bass, 1952-1958 
Size of fish by one-half-inch groups (total length) 
4.0-4.4 4.5-4.9 5.0-5.4 5.5-5.9 6.0-6.4 6.5-6.9 7.0-7.4 
Number 1 2 
Length, av. 6.0 7.3 
Weight, lbs. .13 .26 
C 60 67 
Number 3 2 1 
Length, av. 4.7 5.2 5.7 
Weight, lbs. .06 .08 .09 
C 54 52 49 
Number 3 10 10 
Length, av. 6.4 6.7 7.2 
Weight, lbs. .13 .17 .20 
C 52 55 54 
Number 10 10 5 8 10 to 
Length, av. 4.8 5„ 2 5.6 6.7 7.2 
Weight, lbs. .06 ..08 .09 .16 .21 
C 53 54 50 54 54 
Number 9 10 9 10 10 9 
Length, av. 4.8 5.2 5.8 6.1 6.6 7.3 
Weight, lbs. .06 .07 .10 .12 .14 .20 
C 53 48 52 51 49 52 
Number 1 10 2 10 10 10 7 
Length, av. 4.4 4.8 5.2 5.8 6.2 6.7 7.1 
1957 Weight, lbs. .04 .05 .07 .10 .12 .15 .17 
C 48 47 51 48 49 49 48 
1954 
1955 
1956 
1958 
Number 5 4 10 10 10 10 
Length, av. 4.8 5.1 5.8 6.2 6.7 7.2 
Weight, lbs. .05 .06 .09 .11 .14 .18 
C 48 44 49 47 47 48 
Table 13, (Continued) 
Size of fish by one-half-inch groups (total length) 
7.5-7.9 8.0-8.4 8.5-8.9 9.0-9.4 9.5-9.9 10.0-10. 4 10.5-10.9 11.0-11.4 
1952 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
10 
7.8 
.27 
56 
10 
8.2 
.32 
58 
10 
8.6 
.36 
56 
10 
9.2 
.44 
56 
10 
9.7 
.54 
59 
10 
10.1 
.63 
62 
4 2 
10.6 11. 
.70 
58 64 
2 
90 
1953 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
10 
8.3 
.32 
56 
9 
8.7 
.38 
57 
10 
9.1 
.44 
57 
10 
9.7 
.52 
56 
9 
10.2 
.60 
57 
4 
10.5 
.69 
60 
1954 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
5 
7.5 
.25 
5 
8.4 
.33 
56 
10 
8.8 
.38 
56 
9 
9.1 
.42 
55 
9 
9.7 
.48 
53 
9 
10.1 
.56 
54 
1955 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
10 
7.7 
.24 
54 
10 
8.3 
.29 
51 
9 
8.8 
.34 
51 
9 
9.1 
.37 
49 
8 
9.6 
.43 
48 
3 
10.1 
.48 
47 
1956 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
10 
7.7 
.22 
48 
10 
8.2 
.26 
47 
9 
8.7 
.28 
43 
8 
9.1 
.34 
45 
2 
9.8 
.43 
46 
1957 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
9 
7.8 
.22 
47 
10 
8.1 
.24 
46 
6 
8.7 
.30 
45 
4 
9.1 
.34 
44 
2 
9.6 
.40 
46 
1 
10.3 
.56 
52 
1958 
Number 
Length, 
Weight, 
C 
av. 
lbs. 
7 
7.8 
.20 
44 
5 
8.1 
.23 
43 
3 
9.3 
.33 
41 
1 
9.5 
.37 
43 
ON 
o 
Figure 13. Average condition factors of Clear Lake yellow bass 
collected during the summers of 1952 through 1958 
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Most of the larger yellow bass (over 7.0 inches) collected in 1957 
and 1958 were visibly in poor condition when collected. The average 
condition factors by one-half-inch groups for these fish ranged from 41 
to 52, with an average of 46 (Table 13). A 7.8-inch specimen collected 
August 16, 1958 showing a narrow back and concave abdomen had a condition 
factor of 40. 
Relationship between Condition and Growth 
Members of the 1949 year class grew 0.5 inch in both 1952 and 1953, 
and about 0.2 inch in 1954, but failed to grow in 1955, 1956, 1957 and, 
probably, 1958 (Table 10 and Figure 12). The average condition factor of 
the 1949 year class from 1952 to 1958 shows a decline: 57 (1952), 57 
(1953), 56 (1954), 50 (1955), 44 (1956), 45 (1957) and 41 (1958). There 
was a decrease in average condition factor from 50 to 41 of the members 
of the 1949 year class over the period (1955-1958) in which they failed 
to grow. 
The relationship between growth and condition has been recognized in 
natural populations (Allen, 1940; Cooper, 1953; Hansen, 1951 and Stroud, 
1949) and under laboratory conditions (Brown, 1946). Eschmeyer (1938), 
on the other hand, found no relationship between growth and condition of 
three yellow perch populations. Allen (1940), Cooper (1953) and Hansen 
(1951) associated seasonal change in condition with differences in growth 
rate. Good growth was associated with high condition factors and poor 
growth with low condition factors. Allen reported the condition to 
decline greatly during periods of no growth. Stroud (1949) found condi­
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tion factors to vary between reservoirs in proportion to the differences 
in growth rates. 
The relationship between growth and condition of the Clear Lake 
yellow bass for 1947 to 1957 is shown in Figures 14 and 15. Both condi­
tion factor and growth index increased or decreased together in 7 of the 
10 years. An analysis of data indicated there was a correlation (r = 
.72, where r qj = .602 and r = .735 with nine degrees of freedom), 
unless a considerably less than 1 in 20 chance in sampling took place. 
In the years when the average condition factor was below 54 growth was 
poorer than average. Growth was better than average in those years when 
the condition factor was over 57. Growth was intermediate, ranging from 
better than average to poorer than average, for those years in which the 
average condition factor varied from 54 to 57. 
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FOOD HABITS 
General 
Ridenhour (1960) examined 75 young-of-the-year yellow bass stomachs 
from Clear Lake in 1956 and found Entomostraca, chironomid larvae and 
Hyalella sp. to be the principal foods. It is of significance that the 
older yellow bass in the present study were found to be depending to a 
considerable extent upon the same foods (Table 14). 
Kutkuhn (1955) found that young-of-the-year yellow bass in North 
Twin Lake, Iowa depended mainly upon planktonic crustaceans for food 
during the first part of the summer, but as the summer progressed and 
the fish became larger they became more dependent upon immature insects, 
the principal food of the yearling yellow bass. He also found that 
yellow bast» first started taking forage fish at about 5 inches. There­
after, the dependence upon forage fish increased. At a length of 9 inches 
or more the yellow bass depended almost entirely upon forage fish for 
food. A similar change in food with increased size was noted at Clear 
Lake, except that forage fish did not become as dominant an item of food 
of yellow bass over 5 inches long in 1957 and 1958 (Table 14). Although 
dipterous larvae, caddisfly larvae, Hyalella, and Cladocera were important 
foods of yellow bass of all sizes, copepods were eaten mainly by fish 
less than 7 inches and forage fish were eaten only by fish over 5 inches. 
Kutkuhn (1954a) examined the stomachs of 92 yellow bass over 7 inches 
collected during the summer of 1952 at Clear Lake. He found that forage 
fish comprised 53 percent of the food of these fish. Insects comprised 
Table 14. Food of Clear Lake yellow bass, 1957 and 1958, expressed as frequency of occurrence, 
percent frequency of occurrence and number of Items eaten 
Frequency of occurrence Percent Total 
Total length of fish in inches frequency number 
3.0- 4.0- 5.0- 6.0- 7.0 8.0 - 9.0- Total over of of item 
Food item 3.9 4.9 5.9 6.9 7.9 8.9 9.9 all lengths occurrence eaten 
Small fish 1 2 1 3 2 9 4 
Yellow perch 1 1 
Yellow bass 1 2 
Unidentified 1 2 1 3 1 9 
Adult insects 2 3 2 5 2 14 7 86 
Immature insects 18 15 27 69 20 14 3 166 82 
Diptera 17 13 27 59 18 13 2 149 73 1523 
Trichoptera 2 5 10 33 8 4 1 63 31 376 
Ephemerop tera 3 4 5 17 5 3 37 18 62 
Odonata 1 1 2 1 5 2 25 
Coleoptera 1 1 1 3 1 5 
Crustacea 17 18 26 64 17 12 3 157 77 
Hyalella 1 8 7 32 8 4 3 63 31 548 
Crayfish 1 1 2 1 -
Cladocera 12 12 23 48 13 12 1 121 60 9351 
Copepoda 13 13 9 11 1 47 23 2015 
Ostracoda 3 1 9 13 6 62 
Miscellaneous 1 1 5 3 3 1 14 7 -
No. stomachs 
examined 22 27 37 97 33 16 7 239 
No. empty 6 4 14 9 3 36 
No. with food 22 21 33 83 24 16 4 203 
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38 percent of the food, and crustaceans comprised 7 percent. Bailey and 
Harrison (1945) concluded from their study that the dependence of larger 
(8.0 inches and over) yellow bass upon insects in the fall of 1941 and 
the spring of 1942 was due to a shortage of forage fish, since in the 
fall of 1942 and the summer of 1943 the large yellow bass were feeding 
almost entirely upon forage fish. Other studies (Helm, 1958 and Collier, 
1959) have found immature insects to be the primary source of food while 
r'orage fish were found to be of secondary importance, if not entirely 
lacking from the samples. Kutkuhn (1955) observed a pronounced differ­
ence in the types of forage fish utilized by the predatory fishes of 
North Twin Lake in 1953 and 1954. In 1953 young-of-the-year yellow bass 
were found in 82 percent of the stomachs containing forage fish, while 
gizzard shad, Dorosoma cepedianum, were present in only 0.5 percent. The 
following year gizzard shad became the predominant forage species, being 
present in 86 percent of the stomachs. Correspondingly, yellow bass were 
found in only six percent of the stomachs. Kutkuhn attributed this 
pronounced change in the type of forage fish utilized to the relative 
abundance of those two species in 1953 and 1954. 
Forage Fish 
Only 6 and 3 yellow bass collected in 1957 and 1958, respectively, 
had eaten small fish. The nine yellow bass had eaten 12 small fish: 2 
yellow bass, 1 yellow perch and 9 unidentified. One of the latter was 
probably a young-of-the-year bluegill. 
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Immature Insects 
Immature insects were present in 166 (82 percent) of the 203 
stomachs which contained food (Table 14). These figures are similar to 
the 78 percent frequency of occurrence determined by Kutkuhn (1955) for 
the yellow bass (yearlings and adults combined) of North Twin Lake. 
Bailey and Harrison (1945) found 83 percent of the adult yellow bass 
(8.3-12.5 inches total length) of Clear Lake collected October, 1941 and 
April, 1942 (forage fish scarce at that time) had eaten insects, whereas, 
only seven percent of those collected October, 1942 and July, 1943 
(forage fish abundant at that time) had eaten insects. Apparently the 
larger yellow bass preferred forage fish but continued to eat immature 
insects, as well. Immature insects, mainly Tendipedidae larvae, were 
important as food for all sizes of yellow bass examined in this study 
(Table 14). A list of the immature insects utilized as food follows: 
Ephemeroptera 
Baetidae 
Caenis sp. 
Odonata 
Coenagr ionidae 
Ischnura sp. 
Trichoptera 
Hydroptilidae 
Orthotrichia sp. 
Leptoceridae 
Oecetis inconspicua 
Mvstacides longicornls 
Coleoptera 
Dytiscidae 
Laccophilus sp. 
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Diptera 
Tendipedidae (not further identified) 
Ceratopogonidae (not further identified) 
Culicidae 
Chaoborus sp. 
Diptera were encountered more frequently and in greater numbers 
than other insects (Table 15). They were found in 149 (73 percent) of 
the stomachs. Host of the 1,523 dipterous larvae and pupae were 
tendipedids. Some ceratopogonids and Chaoborus sp. were also encountered. 
A 6.2-inch yellow bass collected at the Sandbar August 7, 1958 had eaten 
129 tendipedid larvae and pupae. Although the tendipedids were not 
further identified in the present study, Pearcy (1953) found the follow­
ing genera of tendipedids to be present in Clear Lake: Tanytarsus. 
Pseudochironomus, Chironomus, Tendipes, Harischia, Cryptochironomus, 
Procladius and Coelotanypus. 
Caddisfly larvae were second in importance in terms of both 
frequency of occurrence (31 percent) and total numbers (376). The most 
common caddisfly was Oecetis inconspicua. A stomach containing 46 of 
this species was removed from a 6.8-inch yellow bass collected July 19, 
1957 off the Island. A mayfly of the genus Caenis was found in 37 (18 
percent)of the stomachs. The total number of mayfly nymphs recovered 
was 62. Although this mayfly appeared consistently in the diet of the 
yellow bass, it was not eaten in large numbers. Five stomachs contained 
a total of 25 damselfly nymphs of the genus Ischnura. Five dytiscid 
larvae of the genus Laccophilus were present in three stomachs. 
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Adult Insects 
Adult Insects were present in only 14 stomachs (Table 14). A 4.5-
inch yellow bass collected August 20, 1957 at Garner Beach had eaten 
approximately 50 adult Diptera, 3 Hymenoptera and 2 Coleoptera. Also 
present in the stomach of this fish were: 3 spiders, 1 Chaoborus larva, 
20 copepods and 12 Cladocera. The frequency of occurrence of adult 
insects by orders was: Hemiptera (corixids) 6, Diptera 5, Coleoptera 3, 
Hymenoptera 1 and Lepidoptera 1. Diptera were the most abundant in terms 
of numbers taken: Diptera 69, Hemiptera 9, Coleoptera 4, Hymenoptera 3 
and Lepidoptera 1. Apparently adult insects are not an important source 
of food for the yellow bass, although an occasional fish may feed heavily 
on this type of food. 
Crustacea 
Crustaceans play an important role in the diet of yellow bass. 
Entomostraca and Hyalella are principal foods of young-of-the-year 
(Ridenhour, 1960) and continue to be important foods of adult yellow bass 
(Kutkuhn, 1955), particularly when there is a scarcity of small forage 
fish (Bailey and Harrison, 1945). In this study 157 (77 percent) yellow 
bass were found to have eaten crustaceans (Table 14). The more important 
forms were Hyalella azteca, Daphnia sp., Leptodora kindti and Cyclops sp. 
Hyalella (548) were present in 31 percent (63) of the stomachs con­
taining food. A 6.4-inch fish collected at the Sandbar July 12, 1957 was 
found to have eaten 96 of the scuds. Another fish 5.9 inches in length 
collected at South Bay July 26, 1957 had eaten 63. Two others had eaten 
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approximately 50 each. However, 50 yellow bass had eaten only five or 
less. Although a few individuals had fed almost exclusively on Hyalella, 
the majority had taken this organism in small numbers. 
Cladocerans were the most important crustaceans in terms of both 
total numbers and percent frequency of occurrence. Cladocera were 
present in 60 percent of the stomachs containing food. Approximately 
9,350 were eaten by 121 fish. Daphnia and Leptodora were the genera 
most frequently encountered. Other genera were: Eurycercus, Latona, 
Diaphanosoma and Bosmina. Approximately 600 Daphnia were removed from 
the stomach of a 5.2-inch yellow bass collected at Boy Scout Camp July 
10, 1958. Four fish had eaten approximately 400 Daphnia each. 
Copepods occurred in 23 percent (47) of the 203 stomachs. Nearly 
all were Cyclops sp. Only one fish, 4.8 inches in length, collected 
November 24, 1958 had eaten Diaptomus sp. Copepods were taken by fewer 
fish than Hyalella, but were taken in greater numbers (2,000). 
Ostracods were present in six percent (13) of the stomachs contain­
ing food. One fish was found to have eaten 15 ostracods, but the usual 
number was less than five. Portions of crayfish were discovered in two 
stomachs collected July, 1957. 
Miscellaneous Food Items 
Miscellaneous items were found in 14 (seven percent) stomachs. In­
cluded in this group were: eggs, spiders, water mites, nematodes, and 
plant matter. Eggs approximately one millimeter in diameter were taken 
from three fish collected July, 1957 and from one fish collected August, 
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1958. The number of eggs present in the four stomachs totaled 231. Three 
spiders were observed in the stomach of one fish collected August 20, 1957 
at Garner Beach. A 6.6-inch fish collected August 7, 1958 at the Sandbar 
contained one water mite of the genus Hydraphantes. Another 6.6-inch 
fish collected July 10, 1957 at the Sandbar contained one water mite of 
undetermined classification. Stomachs of five fish contained a total of 
10 nematodes. It is possible that these were parasites rather than food 
items. 
The plant matter consisted of Microcystis sp., Gleotrichia sp., 
Chara sp., and portions of unidentified plants. Gleotrichia and 
Microcystis were each present in two stomachs in quantities of less than 
three colonies per stomach. Portions of Chara were found in two stomachs. 
One stomach held four unidentified seeds. Portions of unidentified 
plants were observed in four stomachs. In two instances larval tendipedid 
cases were attached to the plant. 
Variations in Feeding Habits 
The main purpose of the food haoit analysis was to determine what 
adult yellow bass were eating, and thereby determine whether or not there 
had been a change in food habits accompanying the decrease in growth rate. 
It was possible to a limited degree to determine variations, or lack of 
variations, associated with: place of collection (Table 15), time of 
collection (Table 16), month of collection (Table 17) and year of collec­
tion (Table 18). 
The more important foods (Tendipedidae larvae, Trichoptera larvae, 
Table 15. A comparison of some foods of yellow bass collected at 11 locations, Clear Lake, 
1957-1958 
Locations 
Farm- Tan- Lone Boy All 
ers Hatch- gle- Tree Garner Bay- Black South Sand- Is- Scout loca-
Food item Beach ery foot Point Beach side Rushes Bay bar land Camp tions 
Tendipedidae 5a 3 8 4 4 10 9 13 17 8 19 100 
larvae 100 43 89 57 57 100 56 59 74 33 79 65 
Ceratopogonidae 3 1 4 2 1 1 3 2 5 22 
larvae 60 14 44 29 10 6 13 8 21 14 
Chaoborus 1 1 1 2 6 11 
larvae 14 10 5 8 25 7 
Trichoptera 1 1 4 1 4 7 11 10 9 3 51 
larvae 20 14 44 14 40 44 50 43 38 12 33 
Ephemerop tera 1 3 1 2 10 4 4 4 1 30 
nymphs 14 33 14 20 62 18 17 17 4 19 
Hyallela 1 1 5 4 3 6 4 14 6 5 3 52 
20 14 56 57 43 60 25 64 26 21 12 34 
Daphnia 2 3 5 4 2 6 2 1 7 13 7 52 
40 43 56 57 29 60 12 5 30 54 29 34 
Leptodora 1 1 3 1 1 5 4 6 7 13 3 45 
20 14 33 14 14 50 25 27 30 54 12 29 
^Top number denotes frequency of occurrence; bottom number denotes percent frequency of 
occurrence. 
Table 15. (Continued) 
Locations 
Farm- Tan- Lone Boy All 
ers Hatch- gle- Tree Garner Bay- Black South Sand- Is- Scout loca-
Food item Beach ery foot Point Beach side Rushes Bay bar land Camp tions 
Copepoda 1 4 5 3 3 6 1 284 37 
20 57 56 43 43 60 6 9 33 17 24 
No. stomachs 
examined 7 7 9 10 10 10 21 25 27 25 28 179 
No. with food 5 7 9 7 7 10 16 22 23 24 24 154 
No. empty 2 3 3 5 3 4 1 4 25 
Table 16. Numbers of some food items encountered in the stomachs of yellow bass collected at 
various hours of the day and night, Clear Lake, 1957-1958 
&ÊZ Night 
Total 
Food item 8 10 12 2 4 6 Total x 1.5* 8 10 12 2 4 6 Total 
Small fish 2 2 4 6 1 1 3 5 
Tendipedidae 
larvae 170 153 213 18 135 57 746 1119 67 216 43 76 33 15 450 
Ceratopogonidae 
larvae 1 2 1 2 6 9 22 8 4 2 1 1 38 
Chaoborus larvae 1 1 2 9 17 1 17 2 17 63 
Trichoptera larvae 133 6 50 3 5 5 202 303 29 28 45 10 10 30 152 
Ephemeroptera 
nymphs 8 1 1 10 15 6 17 6 15 1 4 49 
Hvalella 78 102 26 14 16 25 261 39 2 58 50 25 40 68 19 260 
Daphnia 335 311 1125 1307 437 600 4115 6172 2060 748 9 39 558 3414 
Leptodora 75 192 155 16 4 442 663 220 82 119 265 11 124 821 
Cyclops 300 58 54 62 179 653 980 192 518 466 94 25 1295 
Ostracoda 17 12 5 1 35 52 3 1 8 3 12 27 
Stomachs empty 1 1 2 6 7 17 26 5 1 2 2 1 11 
Stomachs sampled 13 11 22 17 7 16 86 129 31 37 23 23 5 10 129 
eB;2cause of unequal sampling, the day totals were multiplied by 1.5 for comparison with the 
night totals. 
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Table 17. Food of the yellow bass, expressed as frequency of occurrence 
(first column) and percent frequency of occurrence (second 
column), in relation to the month of capture, Clear Lake, 
1957-1958 
Month of capture 
Food item July August September November 
Small fish 3 2 5 7 1 14 
Adult insects 8 7 6 8 
Immature insects 101 84 59 80 5 71 1 50 
Diptera 92 77 51 69 5 71 1 50 
Trichoptera 45 38 18 24 
Ephemeroptera 17 14 20 27 
Odonata 3 2 2 3 
Coleoptera 3 2 
Crustacea 98 82 52 70 6 86 1 50 
Hyalella 42 35 17 23 4 57 
Crayfish 2 2 
Cladocera 71 59 46 62 4 57 
Copepoda 31 26 12 16 3 43 1 50 
Ostracoda 9 8 4 5 
Miscellaneous 4 3 8 11 2 29 
No. stomachs sampled 127 97 9 6 
No. empty 7 23 2 4 
No. with food 120 74 7 2 
Hyalella, Cladocera, and Copepoda) were found in the stomachs of fish 
collected at nearly all locations. Only Trichoptera larvae and Copepoda 
were missing from the collections at Lone Tree Point and South Bay, 
respectively. Yellow bass prefer the open water or sparsely vegetated 
areas with sand or gravel bottom and are seldom taken in densely 
vegetated areas (Bailey and Harrison, 1945 and Ridenhour, 1960). The 
locations of Table 15 which best fulfill the requirements of preferred 
Table 18. A comparison of the food of yellow bass collected in 1957 with the food of those 
collected in 1958 
1957 1958 Combined 
Percent Percent Percent 
Frequency frequency Frequency frequency Frequency frequency 
of occur- of occur- of occur- of occur- of occur- of occur-
Food item rence rence rence rence rence rence 
Small fish 6 4 3 6 9 4 
Adult insects 14 9 14 7 
Immature insects 130 84 36 75 166 82 
Diptera 115 74 34 71 149 73 
Trichoptera 52 34 11 23 63 31 
Ephemeroptera 30 19 7 15 37 18 
Odonata 4 3 12 5 2 
Coleoptera 3 2 3 1 
Crustacea 119 77 38 79 157 77 
Hyalella 52 34 11 23 63 31 
Crayfish 2 1 2 1 
Cladocera 89 57 32 67 121 60 
Copepoda 34 22 13 27 47 23 
Ostracoda 12 7 2 13 6 
Miscellaneous 9 6 5 10 14 6 
No. stomachs examined 174 65 239 
No. empty 19 17 36 
No. with food 155 48 203 
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habitat are: Farmer's Beach, Hatchery, Tanglefoot, Garner Beach, Bay-
side, Island, and Boy Scout Camp. Only 10 percent of the stomachs (96) 
collected at those locations were empty; 18 percent of the stomachs (83) 
collected at the remaining four locations were empty. 
Bailey and Harrison (1945) report adult yellow bass of Clear Lake 
move into shoal areas at night to feed. Kutkuhn (1954b) concluded: the 
peak feeding of adults seemed to occur between 2 and 8 a.m.; yearling 
bass displayed no tendency to do most of their feeding at any particular 
time of day; and young-of-the-year, based on percentage of empty 
stomachs, apparently did most of their feeding during the day. Ridenhour 
(1958), on the other hand, found the greatest percentage of empty 
stomachs among young-of-the-year collected during the day. Although the 
fish of this study were yearlings or older (Table 14), it is interesting 
to note a greater percentage of empty stomachs occurred during the day 
(20 percent) than during the night (9 percent) (Table 16). However, the 
greatest abundance of food was found in the stomachs of fish collected 
during the day. Tendipedid larvae, caddisfly larvae, Hyalella, Daphnia, 
and ostracods were taken in greater numbers during the day. Only 
ceratopogonid larvae, Chaoborus larvae, mayfly nymphs, Leptodora, and 
Cyclops were taken in greater numbers at night. Only two Chaoborus 
larvae were present in the stomachs collected during the day; whereas, 63 
were present in the stomachs collected at night. Forage fish were taken 
in about equal numbers during the day and night. 
Too few fish were collected in months other than July and August to 
justify conclusions regarding seasonal variation in the food habits 
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(Table 17). The lowest percentage of empty stomachs occurred in the 
July collections ; the highest in the November collections. Both immature 
insects and crustacea were present in a greater percentage of the food-
containing stomachs in July than in August. 
There was little change in the food of the yellow bass collected in 
1957 and 1958 (Table 18). Forage fish were eaten in small numbers both 
years. Although crustaceans were taken at approximately the same rate in 
both years, a higher percent frequency of occurrence of Hyalella and a 
lower percent frequency of occurrence of Cladocera were observed in 1957. 
Adult insects were encountered in 14 (nine percent) stomachs in 1957. 
None was observed in the 1958 collections. Immature insects were present 
at a slightly higher percent frequency of occurrence in 1957 (84 percent) 
than in 1958 (75 percent). Possibly these differences were associated 
with the drop in water level and the subsequent exposure of previously 
productive lake bottom. The greater percentage of empty stomachs was 
observed in the 1958 collections. 
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A FEEDING EXPERIMENT 
Although the poor growth of Clear Lake yellow bass was believed to 
be a result of an increased population density, it was considered possi­
ble that some chemical factor was limiting their growth. Yashouv (1958) 
found a chemical factor limiting the growth of carp in aquaria. Swingle 
(1956) discussed a chemical factor which prevented spawning of several 
species of fish in his ponds. An experiment was conducted during the 
summer of 1959 at Clear Lake to determine whether the older fish would 
resume growth in the lake when supplied with an abundance of food, in 
other words, to test the hypothesis that yellow bass would not grow in 
the lake because of chemical conditions even though they had access to 
sufficient food. 
The stomach analysis of yellow bass collected in 1957 and 1958 
showed crustaceans and immature insects to be the most important foods 
in terms of both quantity and frequency of occurrence (Table 14). Other 
studies have indicated forage fish to be more important. Possibly the 
poor growth in recent years was due to lack of sufficient forage fish. 
On this premise small forage fish were selected as the type of food to 
use. 
Nylon bobbinet of one-quarter-inch mesh was used in the construction 
of two pens 7 feet by 4 feet by 4 feet. The top of each pen was kept 
rigid by a rectangular framework of 2 by 4's which floated on the surface 
of the lake. The lower corners of the pens were kept submerged and 
extended by weights tied to nylon cords. The size of the mesh allowed 
invertebrate food forms such as Entomostraca, scuds, and some aquatic 
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insects to enter, and offered little resistance to the transfer of water 
in and out of the pen. The nylon bag type of construction was used to 
minimize injury to the penned fish. 
On July 11 nine yellow bass ranging in length from 6.7 to 7.9 inches 
total length were collected in the west end of the lake with the electric 
shocker. The fish were transported about five miles in a tub of fresh 
water to the pens on the north shore of the lake. In an effort to 
enhance the success of the experiment no weights or scales were taken, 
and no marks or tags placed upon the fish for individual identification. 
Nevertheless, five died within ten days. All the fish found dead or 
dying were covered with fungi which indicated handling was a factor in 
their death. Since it was not possible to measure accurately the lengths 
of the dead fish, they were considered to be the smallest five of the 
nine. That this was probably the case is suggested by the uniform 0.4-
inch increase in length of the remaining four (Table 19). If this was 
not the case, the results indicate less growth than actually took place, 
rather than an exaggeration. Thus the results indicate a minimum pos­
sible growth for the fish of Pen 2. 
On July 14 six yellow bass ranging in total length from 6.7 to 7.75 
inches were collected near the pens with the electric shocker. They 
were weighed, measured and placed in Pen 1 (Table 19). None of these 
died, although they were handled more than the previous nine. Evidently 
the conditions under which the first group was transported were factors 
in their death. 
Effort was made to keep a surplus of young-of-the-year fishes in 
Table 19. Growth of yellow bass In response to abundant forage fish, July 11 to August 21, 1959 
Pen 1 Pen 2 
Total length Weight Condition Total length Weight Condition 
in inches in grams factor (C) in inches in grains factor (C) 
Before After Before After Before After Before After After After 
6.7 6.9 60 79 43 52 7.2 7.6 114 57 
6.9 7.1 64 87 43 53 7.6 
o
 
oo 
124 53 
6.9 7.2 67 85 46 51 7.8 00
 
ro
 
131 52 
7.1 7.3 75 94 45 54 7.9 8.3 142 54 
CM 
7.6 72 112 43 57 
7.75 8.0 101 129 47 54 
Totals 
Mean 
Mean gain 
42.55 44.1 
7.1 7.4 
0.3 
439 586 
73 98 
25 
267 321 
44 53 
30.5 32.1 
7.6 8.0 
0.4 
511 
128 
216 
54 
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the pens at all times. The forage fish were taken from the lake when pos­
sible. The more important food fishes taken from the lake were young-of-
the-year spottail shiners, yellow bass and bluegills. It was necessary 
on several occasions to supplement this supply from nearby creeks and 
farm ponds. Brook stickleback, Eucalia inconstans, and crayfish collect­
ed from a stream were used early in the experiment. Young fathead 
minnows, Pimephales promelas. collected from ponds near the lake 
provided excellent forage on several occasions. Green sunfish, Lepomis 
cyanellus, and bluegills of ideal size (0.5-1.0 inch) were obtained in 
large numbers from a farm pond. 
The experiment was terminated on August 21. Some of the fish had 
been fed for six weeks and the others just a few days less. Stomach and 
scale samples were taken from all fish. Each was weighed and measured 
for growth analysis. Blood samples were collected for protein analysis. 
The fish were in much better condition at the end of the study than at 
the beginning. Their backs were thicker and their abdomens more plump. 
They appeared fat in comparison with fish from the lake. Their greater 
vitality was noted in their increased activity and faster movements. 
These fish offered more resistance to handling than fish from the lake. 
All of the fish grew at least 0.2 inch. While some grew as much as 
0.4 inch, the average increase in length was 0.3 inch (Table 19). This 
growth occurred while the yellow bass of the same length in the lake were 
growing very little if at all (Figure 12). The fish in Pen 2 grew more 
than the fish in Pen 1. Although there were fewer fish in Pen 2, thus 
reducing competition for food, it was believed there was sufficient food 
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in Pen 1 to make an effect from competition negligible. Pen 2 contained 
larger fish than Pen 1 and apparently the larger fish gained more on the 
diet than the smaller ones. Possibly some of the forage fish were too 
large for the smaller yellow bass. The growth in weight ranged from 18 
to 40 grams. The average gain was 25 grams, or 33 percent of their 
initial weight. The fish used in the study were in poorer condition 
when put into the pens than a group of 7 yellow bass (6.8-7.0 inches, 
46 mean C) collected in the lake July 8 and in better condition than a 
group of 32 yellow bass (6.8-7.0 inches, 49 mean C) taken from the lake 
on August 18. The average C (condition factor) for the fish weighed at 
the beginning and at the end of the experiment increased from 44 to 53. 
This represents a more than normal increase in C for the increase in 
length (Table 13). Therefore, the fish not only increased in length but 
also became heavier for their size. 
The stomachs were examined particularly for the presence of 
Entomostraca, scuds and immature insects (the most prevalent food items 
of the 1957-1958 collections). None of these organisms were found in the 
stomachs. It is unlikely the one-quarter-inch mesh prevented all of 
these organisms from entering the pens. Seven stomachs contained remains 
of green sunfish or bluegills. Two fish had nothing in the stomach. The 
remaining fish had eaten one of the small crayfish placed in the pen five 
weeks previously. Probably the larger yellow bass prefer forage fish to 
Entomostraca, scuds and immature insects but will eat what is available. 
Possibly the large yellow bass require forage fish in order to continue 
to grow. 
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Klicka (1959) tested the serum protein levels of the yellow bass 
used in the feeding experiment and of the yellow bass living in the lake. 
While the protein level of wild yellow bass ranged from 2.1 to 2.4 grams 
per milliliter of serum, the protein level of the yellow bass used in 
the feeding experiment ranged from 2.1 to 3.5, with a mean of 2.8 grams 
per milliliter of serum. A physiological improvement in the condition 
of yellow bass living on forage fish is suggested by this rise in serum 
protein levels. 
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FACTORS RELATED TO THE DECLINE IN GROWTH AND CONDITION 
Of the factors cited by Van Oosten (1944) as affecting the growth of 
fishes, it appears that environmental factors, rather than inherent 
growth factors, were associated with the decline in growth of the Clear 
Lake yellow bass. It is extremely doubtful the factors of heredity, 
sex, sexual maturity and age could singly, or in combination, explain the 
decrease in growth rate of the Clear Lake yellow bass. 
No parasites or signs of disease were observed in the normal handling 
of the fish for growth determinations and food analyses. It is doubtful 
that the fish used in the feeding experiment would have responded with 
such growth if either of these factors was the primary cause of the poor 
growth. 
In general, growth rates of fish can be expected to increase with 
temperature increases through the range of the fishes normal activity if 
other factors remain the same. In Clear Lake the correlations of the 
average summer (June through August) temperature (Table 20) with condition 
factor and growth index of the yellow bass yielded correlation coeffi­
cients of r = -.14 (where tabular r ^  = .55 with 11 degrees of freedom) 
and r = -.68 (where tabular r Qg = .60 with nine degrees of freedom) 
respectively. The significant correlation was probably influenced to a 
great extent by the two best years of growth having occurred in summers 
of less than average temperature. Since the correlation is negative and 
indicates the reverse of the usual relationship, it is believed that 
other factors mask the true relationship between temperature and growth 
of the Clear Lake yellow bass. In any case temperature does not appear 
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Table 20. Average monthly air temperatures for Mason City, Iowa, 1942, 
1946-19583 
Average 
April June 
April May July 
Year April May June July August May June August 
1942 
1946 51.0 54.2 
67.2 
67.8 
71.3 
72.0 
70.1 
66.2 52.6 57.7 
69.5 
67.7 
1947 
1948 
43.2 
50.6 
53.2 
56.0 
63.8 
66.9 
71.2 
73.0 
78.4 
72.6 
48.2 
53.3 
53.4 
57.8 
71.1 
70.8 
1949 
1950 
46.1 
37.9 
60.3 
55.8 
70.9 
65.6 
74.3 
67.5 
71.8 
65.5 
53.2 
46.8 
59.1 
53.1 
72.3 
66.2 
1951 
1952 
40.6 
47.7 
60.5 
56.8 
62.8 
71.1 
70.0 
71.4 
67.0 
67.3 
50.6 
52.2 
54.6 
58.5 
66.6 
69.9 
1953 
1954 
39.9 
48.0 
57.8 
52.3 
70.3 
69.6 
71.2 
73.5 
70.6 
69.2 
48.8 
50.2 
56.0 
56.6 
70.7 
70.8 
1955 
1956 
52.7 
42.1 
61.3 
58.6 
65.2 
72.5 
76.9 
68.1 
75.1 
70.0 
57.0 
50.4 
59.7 
57.7 
72.4 
70.2 
1957 
1958 
46.6 
46.6 
55.8 
60.0 
66.1 
62.7 
75.8 
68.2 
69.7 
73.1 
51.2 
53.3 
56.2 
56.4 
70.5 
68.0 
aU. S. Weather Bureau. 1942, 1946-1958. Climatological data. 
Iowa section. Vols. 53, 57-69 (only nos. 4-8 of each volume were used 
as references). 
to be a significant factor in the rather steady decline in growth rate. 
Hile (1941) found a correlation between rainfall and growth of rock 
bass in Nebish Lake, Wisconsin. He attributed the relationship to the 
enrichment of the oligotrophic lake by materials being washed into the 
lake. Since Clear Lake is eutrophic and has a small ratio of watershed 
to lake, it is most likely that any effect from rainfall.would result 
from its effect upon the water level. Muncy (1959) found channel catfish 
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of the Des Moines River growing better in 1956 than in 1955 and 
attributed the difference in growth to changes in water level. Stroud 
(1948) reported fluctuations in the growth of basses and crappies in 
Norris Reservoir were related to fluctuations in water level. Growth 
was better in years of high water levels and poorer in years following 
high water levels and in years of low water levels. 
The close association of water level and condition of the larger 
(7.5-9.9 inch total length) yellow bass for the years 1942, 1947-1958 is 
illustrated graphically in Figure 14. The condition factors (in terms 
of K, standard length) for fish of the years 1942, 1947-1951 were 
obtained from Carlander et al. (1953) and were converted to C's by the 
formula (Carlander, 1953b, p. 8): 
C = 36.1 r3 K 
Where r = ratio of standard to total length. 
The ratio of standard to total length (0.806) was obtained from Lewis and 
Carlander (1948). The water levels (from Iowa Geological Survey, 1953 
and from James L. Cook*) used in this analysis are the average for May 
through September (Table 2). Both water level and condition factor 
either increased or decreased together in nine of eleven successive years. 
From 1953 to 1954, the water level rose slightly while the condition of 
the yellow baas continued to decline. The condition factor remained 
constant from 1956 to 1957 while the lake level dropped 0.6 foot. 
*Cook, James L. U. S. Geological Survey. Fort Dodge, Iowa. Data 
on Clear Lake water levels, 1951-1958. Private communication. 1959. 
Figure 14. The relationship of water level to the growth and condition of Clear Lake 
yellow bass, 1947-1957 
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A plot of condition factors against water levels indicated the rela­
tionship was not linear. A linear relationship was obtained when the 
logarithms of the condition factors were plotted against the water levels. 
The correlation coefficient, r = .902, (where tabular r qi = .684 with 11 
degrees of freedom) indicated there was a correlation between log C and 
water level, unless a 1 in 100 chance in sampling had taken place. 
The relationship between the growth index and water level from 1947 
to 1957 is presented graphically in Figure 14. An analysis of these 
data indicated there was a correlation (r = .65, where tabular r q5 = *60 
with 9 degrees of freedom), unless a 1 in 20 chance in sampling had taken 
place. Generally, an increase in water level was accompanied by an 
increase in the growth index. Likewise, a decrease in water level was 
usually accompanied by a decrease in the growth index. Although the 
water level decreased from 1952 to 1953, there was an increase in the 
growth index. In the following year, the water level increased slightly 
while the growth index decreased. The reversal of the general trend in 
those two years might be explained, in part, by the wide variation in 
population density at that time. The mean catch per gill net hour in 
1953 was approximately two-thirds that of 1952, while the catch per gill 
net hour in 1954 was twice that of 1953 (Table 4). 
The relationship between water level and growth index varied widely 
in years where both increased or decreased. For example, the greater 
change in water level (1.1 feet) from 1950 to 1951 was not accompanied 
by as great an increase in the growth index as was the slight rise in 
water level (0.2 foot) from 1949 to 1950. Also, a 0.3 foot drop in water 
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level from 1951 to 1952 was accompanied by a decrease in the growth index 
which nearly erased the increase in growth coneommitant to the 1.3 feet 
increase in water level from 1949 to 1950. These variations could not 
be explained on the basis of changes in population density since the 
population density varied directly as the water level at that time 
(compare Figures 14 and 15). 
Decreasing water levels as extreme as those of this study could pos­
sibly affect the growth of fish through an effect on food production, 
through a change in habitat, or through an effect on population density. 
There was a shift in importance of the types of insects and 
crustaceans used as food by the larger yellow bass of Clear Lake from 
1941 and 1942 to 1957 and 1958. The insects of greatest importance in 
1941 and 1942 were Diptera, Odonata and Trichoptera, in that order. In 
1957 and 1958, Diptera, Trichoptera and Ephemeroptera were the most im­
portant insect foods. Odonata are apparently a preferred insect food, 
since they accounted for 22 and 2 percent by volume of the food of the 
larger yellow bass collected in the fall of 1941 and the spring of 1942, 
respectively (Bailey and Harrison, 1945). Although Hyalella and 
Cladocera were the most important crustaceans during both periods, there 
was more dependence upon Cladocera and less upon Hyalella in 1957 and 
1958 than in 1941 and 1942. 
It is quite probable that a decrease in amount of aquatic vegetation 
would account for the shift in types of insects and crustaceans used by 
the yellow bass for food. Odonata and Hyalella, in particular, are 
related to rooted vegetation. They are also usually larger than the 
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organisms which replaced them as food in 1957 and 1958. Stube (1958) 
found that an increase in water level which eliminated rooted plants also 
eliminated Amphipoda, Acarina, Plecoptera, Ephemeroptera, Neuroptera, 
Coleoptera and most of the Trichoptera. The amount of emergent and sub­
mergent vegetation of the littoral zone of Clear Lake available to 
aquatic invertebrates was greatly reduced by the drop in water level. 
This was accomplished as the receding water left much aquatic vegetation 
on dry land and reduced the surface area beneath water of that vegetation 
which remained in the lake. In addition, there was probably a reduction 
of submergent vegetation in the deeper sections of the lake. The "Big 
Moss Bed", a favorite fishing spot of the walleye fishermen in 1951, was 
absent from thti lake by 1958. The average Secchi disk reading for the 
summer of 1951 was 4 feet 10 inches (Pearcy, 1953), while that of 1958 
was 1 foot 11 inches*. The change in turbidity lends credulence to the 
assumption that there was a general reduction in rooted aquatic vegeta­
tion in the deeper water sections of the lake from 1951 to 1958. 
In studying the food competition between Core&onus pidschian and 
Ç. peled, Nilsson (1958) found inherent differences in food preference, 
or habitat preference where different food organisms occur, which were 
greatest when the two species were competing with each other. It is 
possible that the fluctuations in water level in Clear Lake would alter 
the degree of interspecific competition for food or habitat in a manner 
similar to that described by Nilsson. Apparently a change took place in 
Hfeber, Cornelius I. Ames, Iowa. Data on Secchi disk readings at 
Clear Lake, Iowa made in 1958 by Weber. Private communication. 1960. 
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the spatial distribution of yellow bass in Clear Lake about 1954. 
Di Costanzo (1956) noted nearly all yellow bass in 1953 were caught by 
boat fishermen, but in 1954 and 1955 most of the yellow bass were caught 
by shore fishermen and waders. The open water fishing for yellow bass 
was practically abandoned in 1955. Probably there was no increase in 
interspecific competition due to increases in population density of other 
panJLishes, since preliminary analysis of the gill net records indicate 
these populations did not increase (Ridenhour et al., 1956 and McCann, 
1959 a). 
The type of food eaten may affect the growth rate. Previous studies 
have shown for some species a relationship between growth and amount of 
forage fish eaten. Cooper (1941) found growth of the white perch, 
Roccus americanus, related to the amount of fish in their diet in many 
lakes and ponds in Maine. Martin (1952) attributed the difference in 
growth rate of two lake trout, Salvelinus namaycush, populations to dif­
ferences in food habits. During the summer the faster growing trout fed 
almost exclusively on fish, while the slower growing trout fed on plank­
ton. Guerrier (1954) reported a decrease in growth rate of Lake 
Minnewanka lake trout which resulted from the separation of the lake 
trout from their forage species through differences in depth preferences 
following the rise in water level. Le Cren (1958) found an increase in 
growth rate of perch, Perca fluviatilis, in Lake Windermere after a 
reduction in population density. He also found that these faster growing 
perch were eating more forage fish than were the slower growing perch 
prior to the reduction in population density. 
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Kutkuhn (1955) has shown that yellow bass start feeding on forage 
fish at a size of about five inches and that the larger the yellow bass 
becomes the more heavily it depends upon forage fish for food. In the 
food habits section it was noted that the food of the larger yellow bass 
varies between lakes and even between years in the same lake. Sometimes 
the yellow bass depend heavily upon forage fish for food and at other 
times depend mainly upon immature insects and entomostracans for food. 
Possibly the growth rate of larger yellow bass is related to the 
amount of forage fish eaten. The yellow bass of Clear Lake which were 
feeding on forage fish (Bailey and Harrison, 1945 and Kutkuhn, 1954) 
were growing better (Carlander et al., 1953) than those"which were feed­
ing on invertebrate forms (Tables 8 and 14). In addition, Helm (1958) 
reported that the very slow growing yellow bass of Lake Wingra (age-
group V collected in 1957 averaged 6.7 inches total length) were feeding 
mainly on plankton and larval chironomids. That the proposed relation­
ship between the growth rate of yellow bass and amount of forage fish 
eaten does not always hold true is shown by the growth of the North Twin 
Lake yellow bass. Collier* reports the larger yellow bass in North Twin 
Lake, Iowa were growing as fast in 1956 and 1957 as they were in 1953 and 
1954. In 1956 and 1957, the yellow bass were feeding mainly on 
invertebrate forms (Collier, 1959), while those in 1953 and 1954 were 
feeding mainly on fish (Kutkuhn, 1955). However, a winter kill in 1955 
greatly reduced fish populations in North Twin Lake (Collier, 1959), 
^Collier, Joseph. Algona, Iowa. Data on the growth of yellow bass, 
1953-1958, North Twin Lake, Iowa. Private communication. 1960. 
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which might account for some of the good growth shown by the yellow bass 
in 1956 and 1957. 
Apparently there was no general decrease in numbers of young-of-the-
year game fishes in Clear Lake from 1949 to 1957 (Ridenhour, 1960). 
Since young game fishes comprise the greatest share of small forage fish 
in Clear Lake (McCann, 1959b), it is probable that the decrease in 
utilization of small forage fish by the yellow bass from 1952 to 1957 was 
a result of increased competition. The feeding experiment indicates that 
an abundance of available forage fish results in increased growth of the 
Clear Lake yellow bass. 
The relationship between population density and growth is well 
recognized (see Hile, 1936). Population density and condition of the 
larger yellow bass were negatively correlated (r = -.588, where tabular 
r Qg = .570 with 10 degrees of freedom) from 1947 to 1958, unless a 1 in 
20 chance in sampling took place (see Figure 15). A plot of mean condi­
tion factors against population density revealed a definite inverse 
linear relationship, with the exception of the data for 1950 and 1951. 
Although the condition factor (55) of the yellow bass in 1950 was about 
average, the population density (317) was very high. In 1951, the fish 
were in excellent condition (64) while the population density (166) was 
about average. From 1949 to 1953, the condition of the larger yellow 
bass varied inversely as the population density in only one year (1950-
1951), but varied directly as the water level in all four years. 
The relationship between population density and growth index from 
1947 to 1957 is illustrated graphically in Figure 15. The correlation 
Figure 15. The relationship of population density to the growth and condition of Clear 
Lake yellow bass, 1947-1958 
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coefficient for these data was r = -.24, where tabular r^= .60 with 
nine degrees of freedom. This would indicate that there was no correla­
tion between the population density and the growth index. However, the 
plot of the data (Figure 16) suggests an inverse linear relationship for 
all years except 1950 and 1951. Apparently the increase in water level 
from 1949 to 1951, or some factor related to the increase in water level, 
was influencing the growth of yellow bass at that time to a greater 
extent than the population density, since both the growth index and con­
dition factors followed closely the change in water level (Figure 14). 
An increase in population density may affect growth through increased 
competition for food and space. Le Cren (1958) considered the increase 
in growth of perch after reduction in population density most likely due 
to an increase in food supply per individual. Mac Gregor (1959) found 
an inverse relationship between size of sardine, Sardinops sagax, popula­
tion and condition of the fish. Frey and Vike (1941) considered 
competition for food the reason the 1931 year class of white bass did not 
grow in length during 1937 and 1938. Other authors have illustrated a 
more direct relationship between growth and food. Reimers (1958) 
concluded that a measurable reduction in food supply was responsible for 
very poor growth (1.7 inches in five years) of brook trout, Salvelinus 
fontinalis, in a high altitude lake in California. Allen (1940) 
reported a close relationship between seasonal changes in growth, condi­
tion and volume of food in young salmon, Salmo salar. Langford and 
Martin (1941) found such a marked correlation between volume of food in 
the stomach and growth in weight at two-week intervals for three age 
Figure 16. The plot of the growth index against the population density for the years 
1947 through 1957 
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groups of perch, Perca flavescens, that they considered food the primary 
factor regulating growth. Ellis and Cowing (1957) demonstrated a rela­
tionship between food supply, quantity of food per stomach and the 
condition of wild brown trout, Salmo trutta, in two sections of a 
Michigan trout stream. Benson (1954) found a close correlation between 
seasonal changes in condition and volume of food in brook trout. 
The question arises as to whether or not the decrease in growth and 
condition was related to a decrease in space available per individual 
fish independent of food competition. Space has been shown through 
experimental studies to be rx factor affecting the growth of fishes (see 
Brown, 1957, Chapter IX), Wilier (1929) and El-Zarka (1959) have 
considered space to be a factor affecting the growth of natural fish pop­
ulations. Hile (1936) considered it a possible factor affecting the 
growth of the cisco, Coregonus artedi. 
The growth and condition of Clear Lake yellow bass from 1947 to 1958 
follow closely the fluctuations in water level over the same period. 
Since the population density varied inversely to the water level in only 
6 of the 11 years of this study, the population density was somewhat in­
dependent of the water level, and, therefore, of the total available 
space. If the population density had been affecting the growth and 
condition of the yellow bass through a limitation of space per individual 
fish, it would seem the changes in growth and condition would have been 
more closely associated with the changes in population density than with 
the changes in water level. In particular, from 1949 to 1953 growth and 
condition appear to be quite independent of population density, but do 
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appear to be closely related in some manner with the water level. Ap­
parently space per fish was not a major factor affecting the growth and 
condition of the yellow bass from 1949 to 1953. For other years of this 
study it is difficult to separate the effects of population density and 
water level on the growth and condition of the yellow bass. Since the 
population density varied from quite low to very high during the 1949-1953 
period, it seems logical to conclude that if space per fish was not 
limiting the growth during that period it would not limit the growth 
during any other period of the study. Other effects of the water level 
changes were probably more important. 
Population density may also affect growth through modification of 
the environment by accumulation of waste products or other chemical 
changes. Brockway (1950) found that concentrations of ammonia over .3 
parts per million affected the ability of trout to utilize available 
oxygen. He attributed the death of fish in the last pond of a series 
to high concentrations of metabolic wastes. Kawamoto (1958) found that 
ammonia nitrogen affected the growth of fish in ponds. Yashouv (1958) 
found in his experiments that the growth of carp was adversely affected 
by the concentration of metabolic wastes (excreta and slime) in the 
aquarium. He proposed that some substance in the metabolic waste caused 
a vitamin B^ deficiency in the carp which, in turn, limited growth. The 
growth exhibited by the yellow bass in the pens when fed forage fish 
precludes any assumption that a chemical factor was limiting the growth 
of yellow bass in Clear Lake. 
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SUMMARY AND CONCLUSIONS 
1. Age and growth determinations were made from the scales of 
2,611 yel ow bass collected by biologists of the Iowa Cooperative 
Fisheries Research Unit from Clear Lake, Iowa, 1952 through 1958. 
2. Because the 1950 and 1951 year classes were known to be missing, 
it was possible to demonstrate that members of the 1949 year class had 
failed to form annuli in 1955 and 1956. 
3. Members of the 1949 year class also failed to grow or to form 
annuli in 1957 and 1958. Evidence was obtained from the analysis of 
length-frequency data and from the comparison of back-calculated lengths 
at each annulus to show that other year classes also failed to grow or 
to form annuli in some years. It was possible to determine the age of a 
group of fish by comparison of back-calculated lengths because the 
average lengths at each annulus were more similar for members of the same 
year class collected in the same and different years than between members 
of different year classes collected in the same or different years. 
4. Resorption of scales was associated with the failure in growth 
by members of the 1949 year class. 
5. The average length at capture for the 1949 year class actually 
decreased from 1954 to 1956 suggesting an earlier death for the larger 
members of the year class. That a differential mortality of this sort 
did take place in the Clear Lake yellow bass population is suggested by 
the following data: (1) There was a decrease in length at capture in 
successive years for the 1946, 1948 and 1949 year classes. (2) The 
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length at capture in some years for the 1948, 1949, 1952 and 1953 year 
classes was greater than the length at which the annulus was formed the 
following summer. 
6. The Hile index to the growth of Clear Lake yellow bass 
indicated growth was better than average in 1947, 1948, 1949, 1950, 1951 
and 1953, and poorer than average in 1952, 1954, 1955, 1956 and 1957. 
Growth was best in 1951 and poorest in 1957. 
7. The condition of Clear Lake yellow bass declined from 1952 to 
1958. All sizes of yellow bass were affected, but the larger ones were 
affected earlier and at a faster rate. 
8. There was a relationship between the growth and condition of 
the yellow bass from 1947 to 1957. Growth was poorer than average in the 
years when the average condition factor was below 54. Growth was better 
than average in those years when the average condition factor was over 
57. Growth was intermediate, ranging from better than average to poorer 
than average, for those years in which the average condition factor 
varied from 54 to 57. 
9. There was a fairly steady increase in population density of 
yellow bass from 1547 to 1958, with the exceptions of a high density in 
1950 and a low density in 1953. 
10. Year classes varied greatly in strength from 1946 to 1957. An 
index to the relative abundance indicated the 1949, 1955 and 1948 year 
classes were the most abundant. The 1950, 1951, 1947, 1953 and 1957 year 
classes were found to be the least abundant. 
11. A significant correlation was obtained between spring tempera­
106 
ture and abundance of the resulting year class. This relationship sug­
gests that warmer than average temperatures in April and May result in 
earlier spawning dates and, thereby, result in stronger than average year 
classes. 
12. A yellow bass mortality in November, 1955 did not result in 
better growth for the yellow bass in 1956. 
13. The growth and condition of the yellow bass were closely 
related to the water level. Both growth and condition were better in 
years of high water and poor in years of low water. 
14. A food habit analysis of 239 yellow bass in 1957 and 1958 
showed Diptera larvae, Trichoptera larvae, Hyalella azteca, Cladocera and 
Copepoda to be the principal foods of the Clear Lake yellow bass at that 
time. The greatest abundance of food was found in the stomachs of fish 
collected during the day. 
15. There was a shift in importance of the types of insects and 
crustaceans used as food by the larger yellow bass of Clear Lake from 
1941-1942 to 1957-1958. The insects of greatest importance in 1941 and 
1942 were Diptera, Odonata and Trichoptera, in that order. In 1957 and 
1958, Diptera, Trichoptera and Ephemeroptera were the most important 
insect foods. Although Hyalella and Cladocera were the most important 
crustaceans during both periods, there was more dependence upon 
Cladocera and less upon Hyalella in 1957-1958 than in 1941-1942. It was 
felt these shifts in utilization represented changes in abundance of the 
organisms since there was a reduction in amount of rooted aquatic 
vegetation over the period of decreasing water levels. 
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16. Excess forage fish were provided for 10 yellow bass kept in the 
lake in nylon bobbinet pens for about six weeks in 1959. These fish 
grew well and increased their weight by about 33 percent, while the 
yellow bass of comparable size in the lake were growing very little, if 
at all. At the end of the experiment the serum protein level of the 
penned fish was higher than that of the yellow bass in the lake. 
17. The growth exhibited by the yellow bass in the pens when fed 
forage fish precludes the assumption that a chemical factor was limiting 
the growth of yellow bass in Clear Lake. It also supports the contention 
that food was a limiting factor in the growth of Clear Lake yellow bass. 
18. Apparently a change took place in the spatial distribution of 
yellow bass in Clear Lake about 1954. The yellow bass moved from their 
usual open-water habitat in 1953 to the shallower waters near shore by 
1955. This change in distribution was probably related to a need for 
further food or space. 
19. The correlation coefficient between yellow bass population 
density and condition of the larger yellow bass was significant, but the 
correlation coefficient between population density and growth index was 
not. 
20. The decrease in growth rate of Clear Lake yellow bass from 
1951 to 1958 was thought to be a result of increased competition for 
all food forms and an actual reduction in abundance of the larger 
invertebrate food forms. No general reduction in numbers of small 
forage fish was demonstrated over the period of decreasing growth rates, 
but utilization of fish as forage decreased. 
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21. The growth of the yellow bass did not appear to be related to 
the amount of space available per fish. 
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